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Description 

r0001l The oresent invention is concerned with heterologous polypeptides expressed and secreted by filamentous 
EImSSL •» expressing and secreting such polypeptides. More particularly, the invention 
Soses SsfoSon vectors and. in particular, processes using the same for expressing and secreting b,o.og.ca..y 
active bovine chymosin and heterologous glucoamylase by a filamentous fungus. 

[00021 The expression of DNA sequences encoding heterologous polypeptides (i.e., polypeptides not normally ex- 
pressed and s^eted by a host organism) has advanced to a state of considerable sophistication For example, .t has 
EZ££a ^various DNA sequences encoding pharmacologically desirable 

hormone (1 ). human tissue plasminogen activator (2). various human interferons 6 . »«™^£ r ™ atkaSne 
human serum albumin (3)] and industrially important enzymes [e.g.. chymosin (7). alpha amylases (8). and aH«hne 
DroTeasesTgTl have been cloned and expressed in a number of different expression hosts. Such express.cn has been 
2 TbySoig prokaryotic organisms [e.g.. E^oH (10) or B^titis (11)1 or eukaryobc organisms ^ 
Saccharomvces cerevisiae (7). Kluweromvces lactis (12) or Chinese Hamster Ovary cells (2)] wrth DNA sequences 

^r^^Z^Z^ in heterologous host, do not have the same .eve, of 

as Mr naturally produced counterparts when expressed in various host organisms. For example, bov ne chymos n 

ha tow MhS^U when expressed by E. coli (13) or S. cerevisiae (7). This reduced bio ogical a^v-ty m 

E colt is no^due to the natural inability of E. coli to glycosylate the polypeptide since chymosm ,s not normal^ tfyco- 

llSd (14) Such relative inactivity, both in E. coli and S. cerevisiae. however, appears to be pnmanly due to improper 

fSZ o Se pofypeptide chain as evidence^ne partial post expression activation °f such expressed P^peptjes 

by «!« ^ StaL in such procedures, expressed chymosin may be sequentially denatured and 

number of ways to increase biological activity: e.g., treatment with urea (13), exposure to denatunng/renatunng pH 

^ dZ£. n and deavage of disulfide bonds followed by renaturation 

inkaoes M5> Such denaturation/renaturation procedures, however, are not highly efficient [e.g., 30% or less recovery 
Sical J2S ?or rennin (13)], and add considerab.e time and expense in producing a biologicatiy active polypep- 

100041 Other heterologous polypeptides are preferably expressed in higher eukaryotic hosts (e.g. mammalian cells* 

IrtSZ? the heterologous polypeptide. Such mammalian tissue culture systems however, 
So ™ete large amounts of heterologous polypeptides when compared with microbial systems. Moreover, 
such systems are technically difficult to maintain and consequently are expensive to operate. 
[0005] Transformation and expression in a filamentous fungus involving complementation of «^ mutonte ^of j£ 
crassa lacking biosynthetic dehydroquinase has been reported (16). Since then, transformation based on com^en- 
^X^S^asT^X K crassa mutants has also been developed (17). In each case the dehy- 
droauinase (oS and glutamate dehydrogenase (am) genes used for complementation were denved from N^ssa 

th Son of the auxotrophic markers troC, (18) and argB (1 9) in ^^^^SSSof " 
nidu.ans to acetamide or acrylamide utifeation by expression of ^4^^^^ 
[bobeT Expression of heterologous polypeptides in filamentous fungi has been limited to th \ ra " sfo ^P e ™ 
pression of fungal and bacteria, polypeptides. For example. Anid^ deficie nt n 

vlase has been transformed with a plasmid containing DNA sequences encoding the 2yr4 gene denved from N. crassa 

^ transformed to utilize acetamide and acrylamide by expression gene 9 

\^T^Z^^7^on of bacteria, polypeptides in filamentous fungi include the expression 
of a bl^ in N^aase (23) Dictyostel.ium discoideum (24) and Cephalosponum acremonium 

( [0008] In each of these examples of homologous and heterologous fungal expression, the expressed polypeptides 

were maintained intracellulariy in the filamentous fungi. K «.*«mion™ •« 

100001 Accordingly an object of the invention herein is to provide for the expression and secretion of heterologous 

and secreting such heterologous polypeptides. 

[0010] The invention is more particular/ defined in the appended claims. 
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Description 

[0001] The present invention is concerned with heterologous polypeptides expressed and secreted by filamentous 
fungi and with vectors and processes for expressing and secreting such polypeptides. More particularly, the invention 
5 discloses transformation vectors and, in particular, processes using the same for expressing and secreting biologically 
active bovine chymosin and heterologous glucoamylase by a filamentous fungus. 

[0002] The expression of DNA sequences encoding heterologous polypeptides (i.e., polypeptides not normally ex- 
pressed and secreted by a host organism) has advanced to a state of considerable sophistication. For example, it has 
been reported that various DNA sequences encoding pharmacologically desirable polypeptides [e.g., human growth 

10 hormone (1), human tissue plasminogen activator (2), various human interferons (6), urokinase (5), Factor VIII (4), and 
human serum albumin (3)] and industrially important enzymes [e.g., chymosin (7), alpha amylases (8), and alkaline 
proteases (9)] have been cloned and expressed in a number of different expression hosts. Such expression has been 
achieved by transforming prokaryotic organisms [e.g., E. coli (10) or B. subtilis (11)] or eukaryotic organisms [e.g., 
Saccharomyces cerevisiae (7), Kluweromyces lactis (12) or Chinese Hamster Ovary cells (2)] with DNA sequences 

15 encoding the heterologous polypeptide. 

[0003] Some polypeptides, when expressed in heterologous hosts, do not have the same level of biological activity 
as their naturally produced counterparts when expressed in various host organisms. For example, bovine chymosin 
has very low biological activity when expressed by E. coli (13) or S. cerevisiae (7). This reduced biological activity in 
E. coli is not due to the natural inability of E. coli to glycosylate the polypeptide since chymosin is not normally glyco- 

20 sylated (14). Such relative inactivity, both in E. coli and S. cerevisiae, however, appears to be primarily due to improper 
folding of the polypeptide chain as evidenced by the partial post expression activation of such expressed polypeptides 
by various procedures. In such procedures, expressed chymosin may be sequentially denatured and renatured in a 
number of ways to increase biological activity: e.g., treatment with urea (13), exposure to denaturing/renaturing pH 
(13) and denaturation and cleavage of disulfide bonds followed by renaturation and regeneration of covalent sulfur 

25 linkages (1 5). Such denaturation/renaturation procedures, however, are not highly efficient [e.g., 30% or less recovery 
of biological activity forrennin (13)], and add considerable time and expense in producing a biologically active polypep- 
tide. 

[0004] Other heterologous polypeptides are preferably expressed in higher eukaryotic hosts (e.g., mammalian cells). 
Such polypeptides are usually glycopolypeptides which require an expression host which can recognize and glycosylate 

30 certain amino acid sequences in the heterologous polypeptide. Such mammalian tissue culture systems, however, 
often do not secrete large amounts of heterologous polypeptides when compared with microbial systems. Moreover, 
such systems are technically difficult to maintain and consequently are expensive to operate. 
[0005] Transformation and expression in a filamentous fungus involving complementation of aroD mutants of JST. 
crassa lacking biosynthetic dehydroquinase has been reported (16). Since then, transformation based on complemen- 

35 tation of glutamate dehydrogenase deficient N. crassa mutants has also been developed (17). In each case the dehy- 
droquinase ( ga2) and glutamate dehydrogenase (am) genes used for complementation were derived from N. crassa 
and therefore involved homologous expression. Other examples of homologous expression in filamentous fungi include 
the complementation of the auxotrophic markers trpC, (18) and argB (1 9) in A. nidulans and the transformation of A. 
nidulans to acetamide or acrylamide utilization by expression of the A. nidulans gene encoding acetamidase (20). 

40 [0006] Expression of heterologous polypeptides in filamentous fungi has been limited to the transformation and ex- 
pression of fungal and bacterial polypeptides. For example, A. nidulans, deficient in orotidine-5'-phosphate decarbox- 
ylase, has been transformed with a plasmid containing DNA sequences encoding the 2yr4 gene derived from N. crassa 
(21 ,32). A. niger has also been transformed to utilize acetamide and acrylamide by expression of the gene encoding 
acetamidase derived from A. nidulans (22). 

45 [0007] Examples of heterologous expression of bacterial polypeptides in filamentous fungi include the expression 
of a bacterial phosphotransferase in N. crassa (23) Dictyostellium discoideum (24) and Cephalospor ium acremonium 
(25). 

[0008] In each of these examples of homologous and heterologous fungal expression, the expressed polypeptides 
were maintained intracellularly in the filamentous fungi. 
50 [0009] Accordingly, an object of the invention herein is to provide for the expression and secretion of heterologous 
polypeptides by and from filamentous fungi including vectors for transforming such fungi and processes for expressing 
and secreting such heterologous polypeptides. 

[0010] The invention is more particulary defined in the appended claims. 
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Brief Description of the Drawings 
[0011] 

Figure 1 is a restriction map of the Aspergillus niger glucoamylase inserts in pGal and pGa5. 
Figure 2 depicts the construction of pDJB-gam-1. 
Figure 3 depicts the construction of mp19GAPR. 

Figure 4, 5, 6, and 7 depict the construction of pGRG1, pGRG2, pGRG3, and pGRG4. 
Figure 8 shows the strategy used to generate mp19 GAPR*CI - A C4 from mp19 GAPR. 
Figure 9 depicts the construction of pCR160. 

Figure 10 is a partial restriction map of the Mucor miehei carboxyl protease gene including 5 and 3 flanking 

sequences. . «. 

Figures 11 A.B. and C is the DNA sequence of Mucor miehei, carboxyl protease including the entire coding se- 
quence and 5' and 3* flanking sequences. 
Figure 12 depicts the construction of pMeJB1-7. 

Figures 13 A and B are a partial nucleotide and restriction map of ANS-1 . 
Figure 14 depicts the construction of pDJB-3 

Figure 15 depicts the construction of plasmid pCJ:GRG1 through pCJ:GRG4. 

Figure 16 depicts a restriction endonuclease cleavage map of the 3.7Kb BamHl fragment from pRSHI. 

Figure 17 depicts the construction of pCJ:RSH1 and pCJ:RSH2. 

Figure 18 depicts the expression of H. grisea glucoamylase from A. nidulans. 

Detailed Description 

[0012] The inventors have demonstrated that heterologous polypeptides from widely divergent sources can be ex- 
pressed and secreted by filamentous fungi. Specifically, bovine chymosin, glucoamylase from Aspergillus niger and 
Humicola arises and the carboxyl protease from Mucor miehei have been expressed in and secreted from A. nidulans. 
In addition, bovine chymosin has been expressed and secreted from A. awamori and Trichoderma reeseL Biolog.cally 
active chymosin was detected in the culture medium without further treatment. This result was surprising in that the 
vectors used to transform A. nidulans were constructed to secrete prochymosin which requires exposure to an acidic 
environment (approximately pH 2) to produce biologically active chymosin. 

[0013] In general, a vector containing DNA sequences encoding functional promoter and terminator sequences (in- 
cluding polyadenylation sequences) are operably linked to DNA sequences encoding various signal sequences and 
heterologous polypeptides. The thus constructed vectors are used to transform a filamentous fungus, viable transform- 
ants may thereafter be identified by screening for the expression and secretion of the heterologous polypeptide. 
[0014] Alternatively, an expressible selection characteristic may be used to isolate transformants by incorporating 
DNA sequences encoding the selection characteristic into the transformation vector. Examples of such selection char- 
acteristics include resistance to various antibiotics, (e.g., aminoglycosides, benomyl etc.) and sequences encoding 
genes which complement an auxotrophic defect (e.g. fjyrt complementation of fiyr4 deficient A. nidulans, A. awamon 
or Trichoderma reesei or ArgB complementation of ArgB deficient A. nidulans or A. awamori) or sequences encoding 
genes which confer a nutritional (e.g., acetamidase) or morphological marker in the expression host. 
[0015] In the preferred embodiments disclosed a DNA sequence encoding the ANS-1 sequence denved from A, 
nidulans is included in the construction of the transformation vectors of the present invention. This sequence increases 
ihelr^formation efficiency of the vector. Such sequences, however, are not considered to be absolutely necessary 

to practice the Invention. t ,. , . 

[0016] In addition, certain DNA sequences derived from the bacterial plasmid pBR325 form part of the disclosed 
transformation vectors. These sequences also are not believed to be necessary for transforming filamentous fungr 
These sequences instead provide for bacterial replication of the vectors during vector construction. Other plasmid 
sequences which may also be used during vector construction include pBR322 (ATCC 37017), RK-2 (ATCC 37125), 
pMB9 (ATCC 37019) and pSC101 (ATCC 37032). 

[0017] The disclosed preferred embodiments are presented by way of example and are not intended to limit the 
scope of the invention. 

Definitions 

[0018] By "expressing polypeptides" is meant the expression of DNA sequences encoding the polypeptide. 
[0019] "Polypeptides" are polymers of a-amino acids which are covalently linked through peptide bonds. Polypep- 
tides include low molecular weight polymers as well as high molecular weight polymers more commonly referred to as 
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Brief Description of the Drawings 
[0011] 

5 Figure 1 is a restriction map of the Aspergillus niger glucoamylase inserts in pGal and pGa5. 

Figure 2 depicts the construction of pDJB-gam-1 . 
Figure 3 depicts the construction of mp19GAPR. 

Figure 4, 5, 6, and 7 depict the construction of pGRG1 , pGRG2, pGRG3, and pGRG4. 
Figure 8 shows the strategy used to generate mp19 GAPR*CI - A C4 from mp19 GAPR. 
10 Figure 9 depicts the construction of pCR160. 

Figured 0 is a partial restriction map of the Mucor miehei carboxyl protease gene including 5' and 3* flanking 
sequences. 

Figures 11 A.B. and C is the DNA sequence of Mucor miehei, carboxyl protease including the entire coding se- 
quence and 5' and 3' flanking sequences. 
15 Figure 12 depicts the construction of pMeJB1-7. 

Figures 1 3 A and B are a partial nucleotide and restriction map of ANS-1 . 
Figure 14 depicts the construction of pDJB-3 

Figure 15 depicts the construction of plasmid pCJ:GRG1 through pCJ:GRG4. 
Figure 16 depicts a restriction endonuclease cleavage map of the 3.7Kb BamHI fragment from pRSHI. 
20 Figure 17 depicts the construction of pCJ:RSH1 and pCJ:RSH2. 

Figure 1 8 depicts the expression of H. grisea glucoamylase from A. nidulans. 

Detailed Description 

25 [0012] The inventors have demonstrated that heterologous polypeptides from widely divergent sources can be ex- 
pressed and secreted by filamentous fungi. Specifically, bovine chymosin, glucoamylase from Aspergillus niger and 
Humicola grises and the carboxyl protease from Mucor miehei have been expressed in and secreted from A. nidulans. 
In addition, bovine chymosin has been expressed and secreted from A. awamori and Trichoderma reesei. Biologically 
active chymosin was detected in the culture medium without further treatment. This result was surprising in that the 

30 vectors used to transform A. nidulans were constructed to secrete prochymosin which requires exposure to an acidic 
environment (approximately pH 2) to produce biologically active chymosin. 

[0013] In general, a vector containing DNA sequences encoding functional promoter and terminator sequences (in- 
cluding polyadenylation sequences) are operably linked to DNA sequences encoding various signal sequences and 
heterologous polypeptides. The thus constructed vectors are used to transform a filamentous fungus, viable transform- 

35 ants may thereafter be identified by screening for the expression and secretion of the heterologous polypeptide. 

[0014] Alternatively, an expressible selection characteristic may be used to isolate transformants by incorporating 
DNA sequences encoding the selection characteristic into the transformation vector. Examples of such selection char- 
acteristics include resistance to various antibiotics, (e.g., aminoglycosides, benomyl etc.) and sequences encoding 
genes which complement an auxotrophic defect (e.g. pyr4 complementation of pyr4 deficient A. nidulans, A. awamori 

40 or Trichoderma reesei or ArgB complementation of ArgB deficient A. nidulans or A. awamori) or sequences encoding 
genes which confer a nutritional (e.g., acetamidase) or morphological marker in the expression host. 
[0015] In the preferred embodiments disclosed a DNA sequence encoding the ANS-1 sequence derived from A. 
nidulans is included in the construction of the transformation vectors of the present invention. This sequence increases 
the transformation efficiency of the vector. Such sequences, however, are not considered to be absolutely necessary 

45 to practice the Invention. 

[0016] In addition, certain DNA sequences derived from the bacterial plasmid pBR325 form part of the disclosed 
transformation vectors. These sequences also are not believed to be necessary for transforming filamentous fungi. 
These sequences instead provide for bacterial replication of the vectors during vector construction. Other plasmid 
sequences which may also be used during vector construction include pBR322 (ATCC 37017), RK-2 (ATCC 37125), 

50 P MB9 (ATCC 37019) and pSC101 (ATCC 37032). 

[0017] The disclosed preferred embodiments are presented by way of example and are not intended to limit the 
scope of the invention. 

Definitions 

55 

[0018] By "expressing polypeptides" is meant the expression of DNA sequences encoding the polypeptide. 
[0019] "Polypeptides" are polymers of ct-amino acids which are covalently linked through peptide bonds. Polypep- 
tides include low molecular weight polymers as well as high molecular weight polymers more commonly referred to as 
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proteins. Tn addition, a polypeptide can be a phosphopolypeptrde. glycopolypeptide or metallopolypeptide. .Further, one _ 
or more polymer chains may be combined to form a polypeptide. 

[0020] As used herein a "heterologous polypeptide" is a polypeptide which is not normally expressed and secreted 
by the filamentous fungus used to express that particular polypeptide. Heterologous polypeptides include polypeptides 

5 derived from prokaryotic sources (e.g., a-amylase from Bacillus species, alkaline protease from Bacillus species, and 
various hydrolytic enzymes from Pseudomonas, etc.), polypeptides derived from eukaryotic sources (e.g., bovine chy- 
mosin, human tissue plasminogen activator, human growth hormone, human interferon, urokinase, human serum al- 
bumin, factor VIII etc.), and polypeptides derived from fungal sources other than the expression host (e.g., glucoamy- 
lase from A. niger and Humicola grisea expressed in A. nidulans, the carboxyl protease from Mucor miehei expressed 

10 in A. nidulans, etc.). 

[0021] Heterologous polypeptides also include hybrid polypeptides which comprise a combination of partial or com- 
plete polypeptide sequences derived from at least two different polypeptides each of which may be homologous or 
heterologous with regard to the fungal expression host. Examples of such hybrid polypeptides include DNA sequences 
encoding fungal glucoamylase or any fungal carboxy protease, human tissue plasminogen activator or human growth 
15 hormone fused to DNA sequences encoding the functional signal sequence alone or in conjunction with various 
amounts of amino-terminal propeptide condons or mature codons associated with the functional signal. 
[0022] Further, the heterologous polypeptides of the present invention also include: 1 ) naturally occuring allellic var- 
iations that may exist or occur in the sequence of polypeptides derived from the above prokaryotic, eukaryotic and 
fungal sources as well as those used to form the above hybrid polypeptides, and 2) engineered variations in the above 
20 heterologous polypeptides brought about, for example, by way of site specific mutagenesis wherein various deletions, 
insertions or substitutions of one or more of the amino acids in the heterologous polypeptides are produced. 
[0023] A "biochemically active heterologous polypeptide" is a heterologous polypeptide which is secreted in active 
form as evidenced by its ability to mediate: 1) the biochemical activity mediated by its naturally occurring counterpart, 
or 2) in the case of hybrid polypeptides, the biochemical activity mediated by at least one of the naturally occurring 
25 counterparts comprising the hybrid polypeptides. 

[0024] Each of the above defined heterologous polypeptides is encoded by a heterologous DNA sequence which 
contains a stop signal which is recognized by the filamentous fungus in which expression and secretion occurs. When 
recognized by the host, the stop signal terminates translation of the mRN A encoding the heterologous polypeptide. 
[0025] The "filamentous fungi" of the present invention are eukaryotic microorganisms and include ail filamentous 
30 forms of the subdivision Eumycotina (26). These fungi are characterized by a vegatative mycelium composed of chitin, 
cellulose and other complex polysaccharides. The filamentous fungi of the present invention are morphologically, 
physiologically, and genetically distinct from yeasts. Vegetative growth by filamentous fungi is by hyphal elongation 
and carbon catabolism is obligately aerobic. In contrast, vegetative growth by yeasts such as S. cerevisiae is by budding 
of a unicellular thallus, and carbon catabolism may be fermentative. S cerevisiae has a prominent, very stable diploid 
35 phase whereas, diploids exist only briefly prior to meiosis in filamentous fungi like Aspergilli and Neurospora. 

vlsiae has 17 chromosomes as opposed to 8 and 7 for A. nidulans and N. crassa respectively. Recent illustrations of 
diffeTences between S. cerevisiae and filamentous fungi include the inability of S. cerevisiae to process Aspergillus 
and Trichoderma introns and the inability to recognize many transcriptional regulators of filamentous fungi (27). 
[0026] Various species of filamentous fungi may be used as expression hosts including the following genera: te- 
40 pergillus, T richoderma, Neurospora, Podospora, Endothia Mucor, Cochiobolus and Pyricularia. Specific expression 
ho^in^luleT ^a^ns (18. 19, 20, 21 , 61), A. niger (22). A. awomari, e.g., NRRL 3112, ATCC 22342 (NRRL 3112), 
ATCC 44733, ATCC 14331 and strain UVK 143f, A. oryzae , e.g., ATCC 11490, N. crassa (16, 17, 23), Tnchoderma 
reesei, e.g. NRRL 15709. ATCC 13631, 56764, 56765, 56466, 56767. and Trichoderma viride, e.g., ATCC 32098 and 

45 [0027] As used herein, a "promotor sequence" is a DNA sequence which is recognized by the particular filamentous 
fungus for expression purposes. It is operably linked to a DNA sequence encoding the above defined polypeptides. 
Such linkage comprises positioning of the promoter with respect to the initiation codon of the DNA sequence encoding 
the signal sequence of the disclosed transformation vectors. The promoter sequence contains transcription and trans- 
lation control sequences which mediate the expression of the signal sequence and heterologous polypeptide. Examples 

50 include the promoter from A. njaer glucoamylase (39,48), the Mucor miehei carboxyl protease herein, and A. niger o> 
glucosidase (28), Trichoderma reesei cellobiohydrolase I (29), A. nidulans trpC (18) and higher eukaryotic promoters 
such as the SV40 early promoter (24). 

[0028] Likewise a "terminator sequence" is a DNA sequence which is recognized by the expression host to terminate 
transcription. It is operably linked to the 3' end of the DNA encoding the heterologous polypeptide to be expressed. 
55 Examples include the terminator from A, nidulans trpC (18), A. niger glucoamylase (39.48). A. niger cc-glucosidase 
(28), and the Mucor miehei carboxyl protease herein, although any fungal terminator is likely to be functional in the 
present invention. 

[0029] A "polyadenyiation sequence" is a DNA sequence which when transcribed is recognized by the expression 
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proteins. In addition, a polypeptide can be a phosphopolypeptide, glycopolypeptide or metallopolypeptide. Further, one 
or more polymer chains may be combined to form a polypeptide. 

[0020] As used herein a "heterologous polypeptide" is a polypeptide which is not normally expressed and secreted 
by the filamentous fungus used to express that particular polypeptide. Heterologous polypeptides include polypeptides 

5 derived from prokaryotic sources (e.g., a-amylase from Bacillus species, alkaline protease from Bacillus species, and 
various hydrolytic enzymes from Pseudomonas, etc.), polypeptides derived from eukaryotic sources (e.g., bovine chy- 
mosin, human tissue plasminogen activator, human growth hormone, human interferon, urokinase, human serum al- 
bumin, factor VIII etc.), and polypeptides derived from fungal sources other than the expression host (e.g., glucoamy- 
lase from A. niger and Humicola grisea expressed in A. nidulans, the carboxyl protease from Mucor miehei expressed 

10 in A. nidulans, etc.). 

[0021] Heterologous polypeptides also include hybrid polypeptides which comprise a combination of partial or com- 
plete polypeptide sequences derived from at least two different polypeptides each of which may be homologous or 
heterologous with regard to the fungal expression host. Examples of such hybrid polypeptides include DNA sequences 
encoding fungal glucoamylase or any fungal carboxy protease, human tissue plasminogen activator or human growth 

15 hormone fused to DNA sequences encoding the functional signal sequence alone or in conjunction with various 
amounts of amino-terminal propeptide condons or mature codons associated with the functional signal. 
[0022] Further, the heterologous polypeptides of the present invention also include: 1 ) naturally occuring allellic var- 
iations that may exist or occur in the sequence of polypeptides derived from the above prokaryotic, eukaryotic and 
fungal sources as well as those used to form the above hybrid polypeptides, and 2) engineered variations in the above 

20 heterologous polypeptides brought about, for example, by way of site specific mutagenesis wherein various deletions, 
insertions or substitutions of one or more of the amino acids in the heterologous polypeptides are produced. 
[0023] A "biochemically active heterologous polypeptide" is a heterologous polypeptide which is secreted in active 
form as evidenced by its ability to mediate: 1) the biochemical activity mediated by its naturally occurring counterpart, 
or 2) in the case of hybrid polypeptides, the biochemical activity mediated by at least one of the naturally occurring 

25 counterparts comprising the hybrid polypeptides. 

[0024] Each of the above defined heterologous polypeptides is encoded by a heterologous DNA sequence which 
contains a stop signal which is recognized by the filamentous fungus in which expression and secretion occurs. When 
recognized by the host, the stop signal terminates translation of the mRNA encoding the heterologous polypeptide. 
[0025] The "filamentous fungi" of the present invention are eukaryotic microorganisms and include all filamentous 

30 forms of the subdivision Eumycotina (26). These fungi are characterized by a vegatative mycelium composed of chitin, 
cellulose, and other complex polysaccharides. The filamentous fungi of the present invention are morphologically, 
physiologically, and genetically distinct from yeasts. Vegetative growth by filamentous fungi is by hyphal elongation 
and carbon catabolism is obligately aerobic. In contrast, vegetative growth by yeasts such as S.cerevisiae is by budding 
of a unicellular thallus, and carbon catabolism may be fermentative. S cerevisiae has a prominent, very stable diploid 

35 phase whereas, diploids exist only briefly prior to meiosis in filamentous fungi like Aspergilli and Neurospora. S. cer- 
visiae has 17 chromosomes as opposed to 8 and 7 for A. nidulans and N. crassa respectively. Recent illustrations of 
differences between S. cerevisiae and filamentous fungi include the inability of S. cerevisiae to process Aspergillus 
and Trichoderma introns and the inability to recognize many transcriptional regulators of filamentous fungi (27). 
[0026] Various species of filamentous fungi may be used as expression hosts including the following genera: As^ 

40 pergillus, Trichoderma, Neurospora, Podospora, Endothia Mucor, Cochiobolus and Pyricularia. Specific expression 
hosts include A. nidulans (18, 19, 20, 21 , 61), A. niger (22), A. awomari, e.g., NRRL 3112. ATCC 22342 (NRRL 3112)', 
ATCC 44733, ATCC 14331 and strain UVK 143f, A. oryzae , e.g., ATCC 11490, N. crassa (16, 17, 23), Trichoderma 
reesei, e.g. NRRL 15709, ATCC 13631 , 56764, 56765, 56466, 56767, and Trichoderma viride, e.g., ATCC 32098 and 
32086. 

45 [0027] As used herein, a "promotor sequence" is a DNA sequence which is recognized by the particular filamentous 
fungus for expression purposes. It is operably linked to a DNA sequence encoding the above defined polypeptides. 
Such linkage comprises positioning of the promoter with respect to the initiation codon of the DNA sequence encoding 
the signal sequence of the disclosed transformation vectors. The promoter sequence contains transcription and trans- 
lation control sequences which mediate the expression of the signal sequence and heterologous polypeptide. Examples 

50 include the promoter from K niger glucoamylase (39,48), the Mucor miehei carboxyl protease herein, and A. niger ct- 
glucosidase (28), Trichoderma reesei cellobiohydrolase I (29), A. nidulans trpC (18) and higher eukaryotic promoters 
such as the SV40 early promoter (24). 

[0028] Likewise a "terminator sequence" is a DNA sequence which is recognized by the expression host to terminate 
transcription. It is operably linked to the 3' end of the DNA encoding the heterologous polypeptide to be expressed. 
55 Examples include the terminator from A. nidulans trpC (18), A. niger glucoamylase (39,48), A. niger a-glucosidase 
(28), and the Mucor miehei carboxyl protease herein, although any fungal terminator is likely to be functional in the 
present invention. 

[0029] A "polyadenylation sequence" is a DNA sequence which when transcribed is recognized by the expression 
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tiost to add poryadenosine residues to transcribed mRNA. It is operably linked to the 3' end of the DNA encoding the 
heterologous polypeptide to be expressed. Examples include polyadenylation sequences from A. nidulans trpC (1 8), 
A niger glucoamylase (39,48), A niger o-glucosidase (28). and the Mucor miehei carboxyl protease herein. Any fungal 
polyadenytation sequence, however, is likely to be functional in the present invention. 

5 [0030] A "signal sequence" is an amino acid sequence which when operably linked to the amino-terminus of a het- 
erologous polypeptide permits the secretion of such heterologus polypeptide from the host filamentous fungus. Such 
signal sequences may be the signal sequence normally associated with the heterologous (mammalian) polypeptide (i. 
e a native signal sequence) or comprises the signal sequence of bovine preprochymosin (15) or Mucor miehei pre- 
pr'ocarboxy protease. Signal sequences are operably linked to a heterologous polypeptide either by utilizing the native 

10 signal sequence or by joining a DNA sequence encoding the signal sequence to a DNA sequence encod.ng the het- 
erologous polypeptide in the proper reading frame to permit translation of the signal sequence and heterologous 
polypeptide. 

[0031] A "propeptide" or "pro sequence" is an amino acid sequence positioned at the amino terminus of a mature 
biologically active polypeptide. When so positioned the resultant polypeptide is called a zymogen. Zymogens, generally, 
15 are biologically inactive and can be converted to mature active polypeptides by catalytic or autocatalytic cleavage of 
the propeptide from the zymogen. 

[0032] In one embodiment of the invention a "transformation vector" is a DNA sequence encoding a heterologous 
polypeptide and a DNA sequence encoding a heterologous or homologous signal sequence operably linked thereto. 
In addition a transformation vector may include DNA sequences encoding functional promoter and polyadenylation 

20 sequences. Each of the above transformation vectors may also include sequences encoding an expressible selection 
characteristic as well as sequences which increase the efficiency of fungal transformation. 
[0033] "Transformation" is a process wherein a transformation vector is introduced into a filamentous fungus. The 
methods of transformation of the present invention have resulted in the stable integration of all or part of the transfor- 
mation vector into the genome of the filamentous fungus. However, transformation resulting in the maintenance of a 

25 self-replicating extrachromosomal transformation vector is also contemplated. 

General Methods 

[0034] "Digestion" of DNA refers to catalytic cleavage of the DNA with an enzyme that acts only at certain locations 
30 in the DNA. Such enzymes are called restriction enzymes, and the sites for which each is specific is called a restriction 
site "Partial" digestion refers to incomplete digestion by a restriction enzyme, i.e., conditions are chosen that result in 
cleavage of some but not all of the sites for a given restriction endonuclease in a DNA substrate. The various restriction 
enzymes used herein are commercially available and their reaction conditions, cofactors and other requirements as 
established by the enzyme suppliers were used. In general, about 1 microgram of plasmid or DNA fragment is used 
35 with about 1 unit of enzyme and about 20 microliters of buffer solution. Appropriate buffers and substrate amounts with 
particular restriction enzymes are specified by the manufacturer. Incubation times of about one hour at 37°C are ordi- 
narily used but may vary in accordance with the supplier's instructions. After incubation, protein is removed by extrac- 
tion with phenol and chloroform, and the digested nucleic acid is recovered from the aqueous fraction by precipitation 
with ethanol Digestion with a restriction enzyme may be followed by bacterial alkaline phosphatase hydrolysis of the 
40 terminal 5' phosphates to prevent the two ends of a DNA fragment from forming a closed loop that would impede 
insertion of another DNA fragment at the restriction site upon ligation. 

[0035] "Recovery" or "isolation" of a given fragment of DNA from a restriction digest means separation of the digest 
by a polyacrylamide gel electrophoresis, identification of the fragment of interest, removal of the gel section containing 
the desired fragment, and separation of the DNA from the gel generally by electroelution (30). 

45 [0036] "Ligation" refers to the process of forming phosphodiester bonds between two double-stranded nucleic acid 
fragments (30). Unless otherwise stated, ligation was accomplished using known buffers in conditions with one unit of 
T4 DNA ligase ("ligase") per 0.5 microgram of approximately equal molar amounts of the DNA fragments to be ligated. 
[0037] "Oligonucleotides" are short length single or double stranded polydeoxynucleotides which were chemically 
synthesized by the method of Crea et aL. (31) and then purified on polyacrylamide gels. 

so [0038] "Transformation" means introducing DNA in to an organism so that the DNA is maintained, either as an ex- 
trachromosomal element or chromosomal integrant. Unless otherwise stated, the method used herein for transforma- 
tion of E. coli was the CaCI 2 method (30). 

[0039] _ AQidulans strain G191 (University of Glasgow culture collection) was transformed by incubating A. nidulans 
sphaeroplists with the transformation vector. The genotype of strain G191 is pabaAl (requires p-aminobenzoic acid). 
55 fwA1 (a color marker). mauA2 (monoamine non-utilizing), and pyrG89 (deficient for orotidine phosphate decarboxlase). 
Sphieroplasts were prepared by the cellophane method of Ballance et al. (21) with the following modifications. To 
digest A nidulans cell walls. Novozyme 234 (Novo Industries, Denmark) was first partially purified. A 100 to 500 mg 
sample"ofTfovo^yme 234 was dissolved in 2.5 ml of 0.6M KCI. The 2.5 ml aliquot was loaded into a PD10 column 
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host to add polyadenosine residues to transcribed mRNA. It is operably linked to the 3' end of the DNA encoding the 
heterologous polypeptide to be expressed. Examples include polyadenylation sequences from A. nidulans trpC (18), 
A. niger glucoamylase (39,48), A. niger a-glucosidase (28); and the Mucor miehei carboxyl protease herein. Any fungal 
polyadenytation sequence, however, is likely to be functional in the present invention. 

5 [0030] A "signal sequence" is an amino acid sequence which when operably linked to the amino-terminus of a het- 
erologous polypeptide permits the secretion of such heterologus polypeptide from the host filamentous fungus. Such 
signal sequences may be the signal sequence normally associated with the heterologous (mammalian) polypeptide (i. 
e., a native signal sequence) or comprises the signal sequence of bovine preprochymosin (15) or Mucor miehei pre- 
procarboxy protease. Signal sequences are operably linked to a heterologous polypeptide either by utilizing the native 

10 signal sequence or by joining a DNA sequence encoding the signal sequence to a DNA sequence encoding the het- 
erologous polypeptide in the proper reading frame to permit translation of the signal sequence and heterologous 
polypeptide. 

[0031] A "propeptide" or "pro sequence" is an amino acid sequence positioned at the amino terminus of a mature 
biologically active polypeptide. When so positioned the resultant polypeptide is called a zymogen. Zymogens, generally, 
15 are biologically inactive and can be converted to mature active polypeptides by catalytic or autocatalytic cleavage of 
the propeptide from the zymogen. 

[0032] In one embodiment of the invention a "transformation vector" is a DNA sequence encoding a heterologous 
polypeptide and a DNA sequence encoding a heterologous or homologous signal sequence operably linked thereto. 
In addition, a transformation vector may include DNA sequences encoding functional promoter and polyadenylation 
20 sequences. Each of the above transformation vectors may also include sequences encoding an expressible selection 
characteristic as well as sequences which increase the efficiency of fungal transformation. 

[0033] "Transformation" is a process wherein a transformation vector is introduced into a filamentous fungus. The 
methods of transformation of the present invention have resulted in the stable integration of all or part of the transfor- 
mation vector into the genome of the filamentous fungus. However, transformation resulting in the maintenance of a 
25 self-replicating extrachromosomal transformation vector is also contemplated. 

General Methods 

[0034] "Digestion" of DNA refers to catalytic cleavage of the DNA with an enzyme that acts only at certain locations 
30 jn the DNA. Such enzymes are called restriction enzymes, and the sites for which each is specific is called a restriction 
site. "Partial" digestion refers to incomplete digestion by a restriction enzyme, i.e., conditions are chosen that result in 
cleavage of some but not all of the sites for a given restriction endonuclease in a DNA substrate. The various restriction 
enzymes used herein are commercially available and their reaction conditions, cofactors and other requirements as 
established by the enzyme suppliers were used. In general, about 1 microgram of plasmid or DNA fragment is used 
35 with about 1 unit of enzyme and about 20 microliters of buffer solution. Appropriate buffers and substrate amounts with 
particular restriction enzymes are specified by the manufacturer. Incubation times of about one hour at 37°C are ordi- 
narily used, but may vary in accordance with the supplier's instructions. After incubation, protein is removed by extrac- 
tion with phenol and chloroform, and the digested nucleic acid is recovered from the aqueous fraction by precipitation 
with ethanol. Digestion with a restriction enzyme may be followed by bacterial alkaline phosphatase hydrolysis of the 
40 terminal 5' phosphates to prevent the two ends of a DNA fragment from forming a closed loop that would impede 
insertion of another DNA fragment at the restriction site upon ligation. 

[0035] "Recovery" or "isolation" of a given fragment of DNA from a restriction digest means separation of the digest 
by a polyacrylamide gel electrophoresis, identification of the fragment of interest, removal of the gel section containing 
the desired fragment, and separation of the DNA from the gel generally by electroelution (30). 

45 [0036] "Ligation" refers to the process of forming phosphodi ester bonds between two double-stranded nucleic acid 
fragments (30). Unless otherwise stated, ligation was accomplished using known buffers in conditions with one unit of 
T4 DNA ligase ("ligase") per 0.5 microgram of approximately equal molar amounts of the DNA fragments to be ligated. 
[0037] "Oligonucleotides" are short length single or double stranded polydeoxynucleotides which were chemically 
synthesized by the method of Crea et al., (31) and then purified on polyacrylamide gels. 

50 [0038] "Transformation" means introducing DNA in to an organism so that the DNA is maintained, either as an ex- 
trachromosomal element or chromosomal integrant. Unless otherwise stated, the method used herein for transforma- 
tion of E. coli was the CaCI 2 method (30). 

[0039] A. nidulans strain G1 91 (University of Glasgow culture collection) was transformed by incubating A. nidulans 
sphaeroplasts with the transformation vector. The genotype of strain G191 is pabaAl (requires p-aminobenzoic acid), 
55 fwA1 (a color marker), mauA2 (monoamine non-utilizing), and pyrG89 (deficient for orotidine phosphate decarboxlase). 
Sphaeroplasts were prepared by the cellophane method of Ballance et al. (21) with the following modifications. To 
digest A. nidulans cell walls, Novozyme 234 (Novo Industries, Denmark) was first partially purified. A 100 to 500 mg 
sample of Novozyme 234 was dissolved in 2.5 ml of 0.6M KCI. The 2.5 ml aliquot was loaded into a PD10 column 
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(Pbamvacia-Upsulla, Sweden) equilibrated with. 0-6M KCLThe enzymes were eluted with 3.5 ml of the same buffer. 
[0040] Cellophane discs were incubated in Novozyme 234 (5 mg/ml) for 2 hours, then washed with 0.6M KCI. The 
digest and washings were combined, filtered through miracloth (Calbiochem-Behring Corp., La Jolla, CA), and washed 
as described (21). Centrifugations were in 50 or 15 ml conical tubes at ca. 1000Xg for 10 min. Following incubation on 

5 ice for 20 min, 2 ml of the polyethylene glycol 4000 solution (250 mg/ml) was added, incubated at room temperature 
for 5 min. followed by the addition of 4 ml of 0.6M KCI, 50mM CaCI 2 . Transformed protoplasts were centrifuged, re- 
suspended in 0.6M KCI, 50mM CaCI 2 , and plated as described (21). Zero controls comprised protoplasts incubated 
with 20 nl of 20mM Tris-HCI, 1 mM EDTA, pH7.4 without plasmid DNA. Positive controls comprised transformation with 
5\ig of pDJB3 constructed as described herein. Regeneration frequencies were determined by plating dilutions on 

10 minimal media supplemented with 5-10ppm paba and 500ppm uridine. Regeneration ranged from 0.5 to 5%. 

[0041] Because of the low transformation frequencies associated with pDJB1 , the derivative containing the Mucor 
acid protease gene (pMeJB1-7) was expected to give extremely low transformation frequencies. Consequently, to 
obtain pme JB| 1 -7 transformants of A. nidulans, cotransformation was used. This was accomplished by first constructing 
a non-selectable vector containing ANS-1, and then transforming sphaeroplasts with a mixture of pmeJB1-7 and the 

15 non-selectable vector containing the ANS-1 fragment. The rationale for this approach was that the ANS-1 bearing 
vector would integrate in multiple copies and provide regions of homology for pMeJB1-7 integration. The ANS-1 vector 
was prepared by subcloning the Pstl-Pvull fragment of ANS-1 (Figure 12A and 13B) from pDJB-3 into pUC18 (33). 
[0042] The two plasmids (pMeJB1-7 and the ANS-1 containing vector) were mixed (2.5 *ig each) and the above 
mentioned transformation protocol followed. 

20 [0043] Transformants obtained with vectors PGRG1-pGRG4 and pDJB-gam were transferred after 3 or 4 days in- 
cubation at 37° C. Minimal media agar plates supplemented with 5 ppm p-aminobenzoic acid were centrally inoculated 
with mycelial transfers from transformants. Three to five days following inoculation of minimal medium plates, spore 
suspensions were prepared by vortexing a mycelial fragment in Iml distilled H 2 0, 0.02% tween-80. Approximately 
5X10 4 spores were inoculated into 250 ml baffled flasks containing 50 ml of the following medium: (g/l) Maltodextrin 

25 M-040 (Grain Processing Corp., Muscatine, Iowa) 50g, NaN0 3 6g, MgS0 4 .7H20 0.5g, KCI 0.52g, KH 2 P0 4 , 68g, 1ml 
trace element solution (34), 1ml MAZU DF-60P antifoam (Mazer Chemicals, Inc., Gumee, IL), 10 ppm p-aminobenzoic 
acid, and 50 ppm streptomycin sulfate. Alternatives to MAZU, such as bovine serum albumin or other appropriate 
surfactant may be used. Mucor acid protease secretion was tested in Aspergillus complete medium (20g dextrose, 1g 
peptone, 20g malt extract per liter). Carbon source regulation of chymosin secretion by Aspergillus nidulans transform- 

30 ants was assessed by measuring secretion in the above-mentioned starch medium relative to the same medium sup- 
plemented with 1% fructose, sucrose, or dextrose instead of 5% starch. In all cases, the media were incubated at 37 
°C on a rotary shaker (1 50rpm). A pDJB3-derived transformant was included as a control. 

[0044] Western blots of the various secreted chymosins and Mucor miehei carboxyl protease were performed ac- 
cording to Towbin, et. al (35). Due to the high concentration of salt in chymosin culture broths and the effect this salt 

35 has on gel electrophoresis a desalting step was necessary. Pre-poured G-25 columns (Pharmacia, PD10) were equi- 
libriated with 50 mM Na 2 HP0 4 pH 6.0. A 2.5 ml aliquot of culture broth was applied to the column. The protein was 
eluted with 3.5 ml of the same buffer. The heterologous polypeptides present on the blots were detected by contacting 
the nitrocellulose blots first with rabbit anti-chymosin (36) or rabbit anti-Mucor miehei carboxy protease serum (36). 
The blots were next contacted with goat-anti-rabbit serum conjugated with horseradish peroxidase (Bio-Rad, Rich- 

40 mond, CA) and developed. Prior to loading on the gels, 50 fil of medium (desalted in the case of chymosin) was mixed 
with 25 of SDS sample buffer, p-mercaptoethanol was added to a final concetration of 1%. The sample was heated 
in a 95 ° C bath for 5 minutes after which 40-50 ul of sample was loaded on the gel. Each gel was also loaded with 2 
\l\ each of 650, 65 and 6.5 jig/ml chymosin standards and molecular weight markers. 

[0045] Western blots of pmeDJ1-7 transformants were similarly analyzed except that gel permeation was not per- 
45 formed. 

[0046] Protease activity was detected as described by Sokol, et. al. (37). Luria broth was supplemented with 1-1 .5% 
skim milk (Difco) and 30-35 ml was poured into a 150mm petri dish. An aliquot of 2 to 5 \i\ of culture medium was 
spotted on the plate. The plate was incubated over night at 37°C in a humidity box. The activity was determined based 
on the amount of milk clotting occurring on the plate measured in mm. The plates were co-spotted with dilutions of 100 

so CHU/ml or 16.6 CHU/ml rennin (CHU-Chr Hansen Unit, Chr Hansen's Laboratorium, A./S., Copenhagen). The rela- 
tionship between the diameter of the coagulation zone (mm) and the centration of enzyme is logarithmic. 
[0047] In order to distinguish between types of proteases, pepstatin, an inhibitor of the chymosin type of carboxyl 
protease, was used to inhibit protease activity attributable to chymosin. Samples of chymosin mutants and control 
broths were preincubated with a 1 :1 00 dilution of 10mM pepstatin in DMSO for 5 minutes before analyzing for protease 

55 activity. 

[0048] Glucoamylase secretion by pDJB-gam-1 transformants in 5% starch media was assessed using an assay 
based on the ability of glucoamylase to catalyze the conversion of p-nitrophenol-a-glucopyranoside (PNPAG) (38) to 
free glucose and p-nitrophenoxide. The substrate, PNPAG, was dissolved in DMSO at 1 50 mg/ml and 3 to 1 5 \i\ aliquots 
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(Pharmacia-Upsulla, Sweden) equilibrated with 0.6M KCI. The enzymes were eluted with 3.5 ml of the same buffer. 
[0040] Cellophane discs were incubated in Novozyme 234 (5 mg/ml) for 2 hours, then washed with 0.6M KCI. The 
digest and washings were combined, filtered through miracloth (Calbiochem-Behring Corp., La Jolla, CA), and washed 
as described (21). Centrifugations were in 50 or 15 ml conical tubes at ca. 1000Xg for 10 min. Following incubation on 

5 ice for 20 min, 2 ml of the polyethylene glycol 4000 solution (250 mg/ml) was added, incubated at room temperature 
for 5 min. followed by the addition of 4 ml of 0.6M KCI, 50mM CaCI 2 . Transformed protoplasts were centrifuged, re- 
suspended in 0.6M KCI, 50mM CaCI 2 , and plated as described (21). Zero controls comprised protoplasts incubated 
with 20 fj.1 of 20mM Tris-HCI, 1 mM EDTA, pH7.4 without plasmid DNA. Positive controls comprised transformation with 
5ug of pDJB3 constructed as described herein. Regeneration frequencies were determined by plating dilutions on 

10 minimal media supplemented with 5-10ppm paba and 500ppm uridine. Regeneration ranged from 0.5 to 5%. 

[0041] Because of the low transformation frequencies associated with pDJB1 , the derivative containing the Mucor 
acid protease gene (pMeJB1-7) was expected to give extremely low transformation frequencies. Consequently, to 
obtain pme JB| 1 -7 transformants of A. nidulans, cotransformation was used. This was accomplished by first constructing 
a non-selectable vector containing ANS-1, and then transforming sphaeroplasts with a mixture of pmeJB1-7 and the 

15 non-selectable vector containing the ANS-1 fragment. The rationale for this approach was that the ANS-1 bearing 
vector would integrate in multiple copies and provide regions of homology for pMeJB1-7 integration. The ANS-1 vector 
was prepared by subcloning the Pstl - Pvull fragment of ANS-1 (Figure 12A and 13B) from pDJB-3 into pUC18 (33). 
[0042] The two plasmids (pMeJB1-7 and the ANS-1 containing vector) were mixed (2.5 \lq each) and the above 
mentioned transformation protocol followed. 

20 [0043] Transformants obtained with vectors PGRG1-pGRG4 and pDJB-gam were transferred after 3 or 4 days in- 
cubation at 37° C. Minimal media agar plates supplemented with 5 ppm p-aminobenzoic acid were centrally inoculated 
with mycelial transfers from transformants. Three to five days following inoculation of minimal medium plates, spore 
suspensions were prepared by vortexing a mycelial fragment in Iml distilled H 2 0, 0.02% tween-80. Approximately 
5x10 4 spores were inoculated into 250 ml baffled flasks containing 50 ml of the following medium: (g/l) Maltodextrin 

25 M-040 (Grain Processing Corp., Muscatine, Iowa) 50g, NaN0 3 6g, MgS0 4 .7H20 0.5g, KCI 0.52g, KH 2 P0 4 , 68g, 1ml 
trace element solution (34), 1ml MAZU DF-60P antifoam (Mazer Chemicals, Inc., Gurnee, IL), 10 ppm p-aminobenzoic 
acid, and 50 ppm streptomycin sulfate. Alternatives to MAZU, such as bovine serum albumin or other appropriate 
surfactant may be used. Mucor acid protease secretion was tested in Aspergillus complete medium (20g dextrose, 1g 
peptone, 20g malt extract per liter). Carbon source regulation of chymosin secretion by Aspergillus nidulans transform- 

30 ants was assessed by measuring secretion in the above-mentioned starch medium relative to the same medium sup- 
plemented with 1% fructose, sucrose, or dextrose instead of 5% starch. In all cases, the media were incubated at 37 
°C on a rotary shaker (1 50rpm). A pDJB3-derived transformant was included as a control. 

[0044] Western blots of the various secreted chymosins and Mucor miehei carboxyl protease were performed ac- 
cording to Towbin, et. al (35). Due to the high concentration of salt in chymosin culture broths and the effect this salt 

35 has on gel electrophoresis a desalting step was necessary. Pre-poured G-25 columns (Pharmacia, PD10) were equi- 
libriated with 50 mM Na 2 HP0 4 pH 6.0. A 2.5 ml aliquot of culture broth was applied to the column. The protein was 
eluted with 3.5 ml of the same buffer. The heterologous polypeptides present on the blots were detected by contacting 
the nitrocellulose blots first with rabbit anti-chymosin (36) or rabbit anti-Mucor miehei carboxy protease serum (36). 
The blots were next contacted with goat-anti-rabbit serum conjugated with horseradish peroxidase (Bio-Rad, Rich- 

40 mond, CA) and developed. Prior to loading on the gels, 50 ui of medium (desalted in the case of chymosin) was mixed 
with 25 ui of SDS sample buffer, p-mercaptoethanol was added to a final concetration of 1%. The sample was heated 
in a 95 ° C bath for 5 minutes after which 40-50 nl of sample was loaded on the gel. Each gel was also loaded with 2 
jil each of 650, 65 and 6.5 >g/ml chymosin standards and molecular weight markers. 

[0045] Western blots of pmeDJ1-7 transformants were similarly analyzed except that gel permeation was not per- 
45 formed. 

[0046] Protease activity was detected as described by Sokol, et. al. (37). Luria broth was supplemented with 1-1 .5% 
skim milk (Difco) and 30-35 ml was poured into a 150mm petri dish. An aliquot of 2 to 5 uJ of culture medium was 
spotted on the plate. The plate was incubated over night at 37°C in a humidity box. The activity was determined based 
on the amount of milk clotting occurring on the plate measured in mm. The plates were co-spotted with dilutions of 100 

50 CHU/ml or 16.6 CHU/ml rennin (CHU-Chr Hansen Unit, Chr Hansen's Laboratorium, A./S., Copenhagen). The rela- 
tionship between the diameter of the coagulation zone (mm) and the centration of enzyme is logarithmic. 
[0047] In order to distinguish between types of proteases, pepstatin, an inhibitor of the chymosin type of carboxyl 
protease, was used to inhibit protease activity attributable to chymosin. Samples of chymosin mutants and control 
broths were preincubated with a 1 :100 dilution of 1 0mM pepstatin in DMSO for 5 minutes before analyzing for protease 

55 activity. 

[0048] Glucoamylase secretion by pDJB-gam-1 transformants in 5% starch media was assessed using an assay 
based on the ability of glucoamylase to catalyze the conversion of p-nitrophenol-a-glucopyranoside (PNPAG) (38) to 
free glucose and p-nitrophenoxide. The substrate, PNPAG, was dissolved in DMSO at 1 50 mg/ml and 3 to 1 5 \i\ aliquots 
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were diluted to 200 ^ with 0.2 M sodium-acetate, tmM calcium chloride at pH4-3.A25.4il sample was placed intoa 
microtitre plate well. An equal volume of standards ranging from 0 to 10 Sigma A niger units/ml (Sigma Chemical Co., 
St. Louis, MO) were placed in separate wells. To each well, 200 ul of PNPAG solution at 2.25 to 11.25 mg/ml was 
added. The reaction was allowed to proceed at 60 ° C for 0.5 to 1 hour. The time depended upon the concentration of 
5 enzyme. The reaction was terminated by the addition of 50 jjl! of 2 M trizma base. The plate was read at 405 nm. The 
concentration of enzyme was calculated from a standard curve. 

[0049] Unless otherwise stated, chromosomal DNA was extracted from filamentous fungi by the following procedure. 
The filamentous fungus was grown in an appropriate medium broth for 3 to 4 days. Mycelia were harvested by filtering 
the culture through fine cheesecloth. The mycelia were rinsed thoroughly in a buffer of 50mM tris-HCI, pH7.5, 5mM 
10 EDTA. Excess liquid was removed by squeezing the mycelia in the cheesecloth. About 3 to 5 grams of wet mycelia 
were combined with an equivalent amount of sterile, acid-washed sand in a mortar and pestle. The mixture was ground 
for five minutes to form a fine paste. The mixture was ground for another five minutes after adding 10 ml of 50 mM 
tris-HCI, pH 7.5, 5mM EDTA. The slurry was poured into a 50 ml capped centrifuge tube and extracted with 25 ml of 
phenol-chloroform (equilibrated with an equal volume of 50 mM tris-HCI, pH 7.5. 5mM EDTA). The phases were sep- 
ts arated by low speed centrifugation. The aqueous phase was saved and reextracted three times. The aqueous phases 
were combined (about 20 ml total volume) and mixed with 2 ml of 3 M sodium acetate, pH 5.4 in sterile centrifuge 
tubes. Ice cold isopropanol (25 ml) was added and the tubes were placed at -20°C for one hour. The tubes were then 
centrifuged at high speed to pellet the nucleic acids, and the supernatant fluid was discarded. Pellets were allowed to 
air dry for 30 minutes before resuspending in 400 ul of 10 mM tris-HCI, pH 7.5, 1mM EDTA (TE buffer). Pancreatic 
20 ribonuclease (Sigma Chemical Co., St. Louis. MO) was added to a final concentration of 10 ug per ml, and the tubes 
were incubated for 30 minutes at room temperature (30). Ribonuclease was then removed by extraction with phenol- 
chloroform. The aqueous layer was carefully removed and placed in a tube which contained 40 ul of 3M sodium acetate, 
pH 5.4. Ice cold ethanol was layered into the solution. The DNA precipitated at the interface and was spooled onto a 
glass rod. This DNA was dried and resuspended in a small volume (100 to 200 ul) of TE buffer. The concentration of 
25 DNA was determined spectrophotometrically at 260 nm (30). 

[0050] To confirm the chromosomal integration of chymosin DNA sequences in selected transformants Southern 
hybridizations were performed (30). Spore suspensions of transformants were inoculated into Aspergillus complete 
medium and incubated at 37°C on a rotary shaker for 24-48 hrs. The medium was non-selective in that it was supple- 
mented with 5 ppm p-aminobenzoic acid and contained sufficient uracil for growth of the auxotrophic parent. In effect, 
30 these Southerns also tested, for the stability of the transformants. The mycelium was filtered, ground in sand, and the 
DNA purified as previously described. Transformant DNA was then digested with various restriction enzymes and 
fragments separated by agarose gel electrophoresis. Control lanes included digested pDJB3 transformant DNA and 
undigested DNA Gels were stained with ethidium bromide, photographed, blotted to nitrocellulose or nytran (Schleicher 
and Schuell, Keene, NH), and probed with radiolabeled plasmids or specific fragments. 
35 [0051] Some of the following examples illustrate the invention as claimed; others provide useful background. 

EXAMPLE 1 

Expression and Secretion of Aspergillus niger glucoamylase By Aspergillus Nidulans 

40 

A. Construction of pGA1 

[0052] Aspergillus niger (Culture #7, Culture Collection Genencor, Inc., South San Francisco, CA.) was grown in 
potato dextrose broth (Difco, Detroit, Ml) at 30°C for 3 days with vigorous aeration. Chromosomal DNA was extracted 
45 as previously described. 

[0053] A synthetic oligonudeotide was used as a hybridization probe to detect the glucoamylase gene from Aspergil- 
lus niger. The oligonucleotide was 28 bases in length (28mer) and corresponded to the first 9 1 /3 codons of the published 
glucoamylase coding sequence (39): 

50 

MetSerPheArgSerLcuLe\iAlaLeuSer 
5 • ATGTCGTTCCGATCTCTACTCGCCCTGA 3 1 

55 

[0054] The oligonucleotide was synthesized on a Biosearch automated DNA synthesizer (Biosearch, San Rafael, 
CA) using the reagents and protocols specified by the manufacturer. 

[0055] Genomic DNA from Aspergillus niger was analyzed for the presence of glucoamylase sequences by the meth- 
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were diluted to 200 ul with 0.2 M sodium acetate, 1mM calcium chloride at pH 4.3. A 25 uJ sample was placed into a 
microtitre plate well. An equal volume of standards ranging from 0 to 10 Sigma A. nicker units/ml (Sigma Chemical Co., 
St Louis, MO) were placed in separate wells. To each well, 200 uJ of PNPAG solution at 2.25 to 11.25 mg/ml was 
added. The reaction was allowed to proceed at 60 0 C for 0.5 to 1 hour. The time depended upon the concentration of 
enzyme. The reaction was terminated by the addition of 50 ul of 2 M trizma base. The plate was read at 405 nm. The 
concentration of enzyme was calculated from a standard curve. 

[0049] Unless otherwise stated, chromosomal DN A was extracted from filamentous fungi by the following procedure. 
The filamentous fungus was grown in an appropriate medium broth for 3 to 4 days. Mycelia were harvested by filtering 
the culture through fine cheesecloth. The mycelia were rinsed thoroughly in a buffer of 50mM tris-HCI, pH7.5, 5mM 
EDTA. Excess liquid was removed by squeezing the mycelia in the cheesecloth. About 3 to 5 grams of wet mycelia 
were combined with an equivalent amount of sterile, acid-washed sand in a mortar and pestle. The mixture was ground 
for five minutes to form a fine paste. The mixture was ground for another five minutes after adding 10 ml of 50 mM 
tris-HCI, pH 7.5, 5mM EDTA. The slurry was poured into a 50 ml capped centrifuge tube and extracted with 25 ml of 
phenol-chloroform (equilibrated with an equal volume of 50 mM tris-HCI, pH 7.5. 5mM EDTA). The phases were sep- 
arated by low speed centrifugation. The aqueous phase was saved and reextracted three times. The aqueous phases 
were combined (about 20 ml total volume) and mixed with 2 ml of 3 M sodium acetate, pH 5.4 in sterile centrifuge 
tubes. Ice cold isopropanol (25 ml) was added and the tubes were placed at -20°C for one hour. The tubes were then 
centrifuged at high speed to pellet the nucleic acids, and the supernatant fluid was discarded. Pellets were allowed to 
air dry for 30 minutes before resuspending in 400 ul of 10 mM tris-HCI, pH 7.5, 1mM EDTA (TE buffer). Pancreatic 
ribonuclease (Sigma Chemical Co., St. Louis, MO) was added to a final concentration of 10 ug per ml, and the tubes 
were incubated for 30 minutes at room temperature (30). Ribonuclease was then removed by extraction with phenol- 
chloroform. The aqueous layer was carefully removed and placed in a tube which contained 40 ul of 3M sodium acetate, 
pH 5.4. Ice cold ethanol was layered into the solution. The DNA precipitated at the interface and was spooled onto a 
glass rod. This DNA was dried and resuspended in a small volume (100 to 200 uJ) of TE buffer. The concentration of 
DNA was determined spectrophotometrically at 260 nm (30). 

[0050] To confirm the chromosomal integration of chymosin DNA sequences in selected transformants Southern 
hybridizations were performed (30). Spore suspensions of transformants were inoculated into Aspergillus complete 
medium and incubated at 37°C on a rotary shaker for 24-48 hrs. The medium was non-selective In that it was supple- 
mented with 5 ppm p-aminobenzoic acid and contained sufficient uracil for growth of the auxotrophic parent. In effect, 
these Southerns also tested, for the stability of the transformants. The mycelium was filtered, ground in sand, and the 
DNA purified as previously described. Transformant DNA was then digested with various restriction enzymes and 
fragments separated by agarose gel electrophoresis. Control lanes included digested pDJB3 transformant DNA and 
undigested DNA. Gels were stained with ethidium bromide, photographed, blotted to nitrocellulose or nytran (Schleicher 
and Schuell, Keene, NH), and probed with radiolabeled plasmids or specific fragments. 
[0051] Some of the following examples illustrate the invention as claimed; others provide useful background. 

EXAMPLE 1 

Expression and Secretion of Aspergillus niger glucoamvlase By Asp ergillus Nidulans 
A. Construction of pGA1 

[0052] Aspergillus niger (Culture #7, Culture Collection Genencor, Inc., South San Francisco, CA.) was grown in 
potato dextrose broth (Difco, Detroit, Ml) at 30°C for 3 days with vigorous aeration. Chromosomal DNA was extracted 
as previously described. 

[0053] A synthetic oligonudeotide was used as a hybridization probe to detect the glucoamylase gene from Aspergil- 
lus niger. The oligonucleotide was 28 bases in length (28mer) and corresponded to the first 9 1/3 codons of the published 
glucoamylase coding sequence (39): 



MetSerPheArgSerLcuLeuAlaLeuSer 
5 • ATGTCGTTCCG ATCTCTACTCGCCCTGA 3 f 

[0054] The oligonucleotide was synthesized on a Biosearch automated DNA synthesizer (Biosearch, San Rafael, 
CA) using the reagents and protocols specified by the manufacturer. 

[0055] Genomic DNA from Aspergillus niger was a nalyzed for the presence of glucoamylase sequences by the meth- 
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odofSouthern (30). Briefly. 1fr uo of Aspergillus niger DMA was digested with EcoRI r ^^°""f^ A ^ 
digested DNA was subjected to electrophoresis on a 1% agarose gel according ^^^S^Sc 
transferred from the gel to a nitrocellulose membrane (Schleicher & Schuell. Inc.. Keene. NH) by blott.ng In 10x SSC 
5 M NaC Tl5 M tnsodL citrate) (30). DNA was fixed to the nitrocellulose by baking in an 80°C vacuum oven 

InnoTcleotide was done at 37°C In a 50pl reaction that contained 70 mM tris-HCI. pH 7.5, 10 mM MgCI 2 , 5 mM 
activity 5000 Ci/mmol), and 5 units of T4 polynucleotide kinase < N ,fJ n 9 la " d ^ 

were washed 15 minutes in 2xSSC, 0.1% sodium dodecylsulfate (SDS) and tw.ce .n 2xSSC at 37 C Filters were a r 
dried wrapped in Saran-Wrap (Dow Chemical) and applied to Kodak XOmat-AR X-ray film at -70»C to obtau, an ^au- 
Sio^pSic image. After developing the autoradiogram, a band of hybridization was clearly viable correspond^ 

SoVef SKA AE was digested «, EcoRI and size-fractionated by ^amide .gel 
eSphoresis according to standard methods (30). DNA fragments 3 to 4 kb in size were exased and eluted from 
Te aeH30 TOs DNA fraction was used to generate a .ibrary of clones in the Escherichia col. cloning vector pBR322 
Sec 37017? The cVoning vector was cleaved with EcoRI and dephosphorylated with bacterial alkaline phosphatase 
S"da Retear^ Labs . A typical dephosphorylation reaction consisted of 1pg of diges«edve£r DNA and 1 unrt 
of alkaline phosphatase in 50 pi of 50 mM tris-HCI. pH 8.0, 50 mM Nad. The reaction was incubated at 65 C for one 

was removed by extraction with phenol-chloroform. The EcoRI size-selected A^jg LQE 
DNA was then ligated with EcoRI cleaved and dephosphorylated P BR322. ^^^"^^JSJf 
fonowing- 1 00 ng each of vecioTand insert DNAs, 1 unit of T4 DNA ligase (Bethesda Research Labs), 25 mM tns-HCI. 
DH75 10 mM MgCI, 10 mM dithiothreitol. and 1 mM ATP in a 10ul volume. Ligation reasons were .ncubated at 16 
Cfor'lo toM taSm The ligated DNA was used to transform competent E eoJL 294 cells (ATCC 
II me»»d I of Morrison (41). Transformants were selected on LB agar plates (30) which conta.ned carbenec Ih > a :a 
f'nal concl?ra«on of 50 M per ml. Transformants which harbored glucoamylase gene sequences were identified by 
Stony nySSo Tme.no 3 * (30) using the glucoamylase-speciflc 28 mer as a probe. Hybridizing ^s were pu- 
rified and olasmid DNAs were isolated from each by the alkaline-SDS min.screen procedure (30). The plasm.ds se- 
Sed to tte manne all contained a 3.5 kb EcoRI fragment which hybridized to the synthetic glucoamylase probe^ 
Snl suJh plasmio designated P Ga1 . was seized for further analysis. A 1 .1 kb EcoRI-BgHI fragment from the insert 

Ml? m P 9 (42) and partially sequenced by the dideoxy ohain termination met hod (43) to 
Zfirm mat the cloned DNA encoded the glucoamylase gene. A restriction endonuclease cleavage map of the 3.5 kb 
^Z^Zlneo in pGa. is depicted in Figure 1. It was generated by single and doubto restnetion d.gests 
followed by orientation of the DNA fragments with respect to known restnetion s.tes .n pBR322 (44). 



B. Construction of pGa5 



rnnsTl The nucleotide sequence and restriction map of pGal indicated that pGal contained the entire glucoamylase 
S ^SST^SSZ of 5" flanking DNA. The sequences in this 5« region -re strikingly suitor to typical 
12 promoter sequences with TATAAAT and CAAT boxes located upstream of the ATG start codon (48). 
foossT H^eve tc insure that possible upstream activation sites of the Aspergillus niger glucoamylase gene were 
c°.u ded to™ fi^ormaticl I vector a larger genomic fragment which «1£^™X£tt 
dna was cloned Southern blotting experiments similar to those already described identified a 6.5 kb Clal ragment 
Shth hybSed to a adiolabeled EcoRI glucoamylase fragment from pGal. The EcoRI fragment was rad.otobeled 
Sk translation (30) with alpha-[3lpTdCTP (Amersham; specific activity 3000 Ci/mmol). A nick translation i kit (Bethes- 
JSSS was used for the labeling reaction by following the instructions supplied by the manufacturer. Rite* 
wf»re hvbridized and washed under stringent conditions (30). 

AVoioillus niqer DN^-as digested with Clal and size-fractionated by polyacrylamide gel electrophoresis. DNA frag- 
^SaS e r e rn 5 5 and 8 kb weTTexcised and eluted from the gel. This fraction was ligated to Clal cleaved 
ZlSSSSS^m The ligation mixture was used to transform competent E coli 294 cells Transform- 
ante were seSe on LB agar p ates containing carbenecillin (50 pg/ml). Colonies which contained glucoamylase 
oene seolence7we?e identified by colony hybridization (30). Plasmid DNA extracted from hybnd.z.ng colonies con- 
ES£1 whichincluded L 3.5 kb EcoRI fragment cloned previously in pGal . These remnant 
SaTmid ^enSdWAspergjnus niger glucoamylase gene as confirmed by supercoil-DNA «££ 
svnthetic oligonucleotide (28 mer) as a sequencing primer. A restriction endonuclease cleavage map of the 6 5 kb Cja] 
raomem was constructed using single and double digests of the DNA cloned in pBR325. Restriction sites ,n the vector 
oZ ™erl "used as reference points to orient the fragment. This restriction map is shown .n Figure 1 Location of the 
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od of Southern (30). Briefly, 10 ng of Aspergillus niger DNA was digested with EcoRI restriction endonuclease. The 
digested DNA was subjected to electrophoresis on a 1% agarose gel according to standard methods (30). DNA was 
transferred from the gel to a nitrocellulose membrane (Schleicher & Schuell, Inc., Keene, NH) by blotting In 10x SSC 
(1 .5 M NaCI, 0.15 M trisodium citrate) (30). DNA was fixed to the nitrocellulose by baking in an 80°C vacuum oven, 

5 followed by hybridization at low stringency (2,40) with radiolabeled oligonucleotide probe. Radiolabeling of the synthetic 
oligonucleotide was done at 37°C In a 50uJ reaction that contained 70 mM tris-HCI. pH 7.5, 10 mM MgCI 2 , 5 mM 
dithiothreitol, 30 pmoles of synthetic oligonucleotide, 20 pmoles of gamma-[32P)ATP (Amersham, Chicago, II; specific 
activity 5000 Ci/mmol), and 5 units of T4 polynucleotide kinase (New England Biolabs). After hybridization, the filters 
were washed 15 minutes in 2xSSC, 0.1% sodium dodecylsulfate (SDS) and twice in 2xSSC at 37°C. Filters were air 

10 dried, wrapped in Saran-Wrap (Dow Chemical) and applied to Kodak XOmat-AR X-ray film at -70°C to obtain an au- 
toradiographic image. After developing the autoradiogram, a band of hybridization was clearly visible corresponding 
to a 3.5 kilobase-pair Eco RI fragment. 

[0056] Genomic DNA from Aspergillus niger was digested with EcoRI and size-fractionated by polyacrylamide gel 
electrophoresis according to standard methods (30). DNA fragments 3 to 4 kb in size were excised and eluted from 

15 the gel (30). This DNA fraction was used to generate a library of clones in the Escherichia coli cloning vector pBR322 
(ATCC 37017). The cloning vector was cleaved with EcoRI and dephosphorylated with bacterial alkaline phosphatase 
(Bethesda Research Labs). A typical dephosphorylation reaction consisted of 1ug of digested vector DNA and 1 unit 
of alkaline phosphatase in 50 *il of 50 mM tris-HCI, pH 8.0, 50 mM Nacl. The reaction was incubated at 65° C for one 
hour. The phosphatase was removed by extraction with phenol-chloroform. The EcoRI, size-selected Aspergillus niger 

20 DNA was then ligated with EcoRI cleaved and dephosphorylated pBR322. A typical ligation reaction contained the 
following: 100 ng each of vector and insert DNAs, 1 unit of T4 DNA ligase (Bethesda Research Labs), 25 mM tris-HCI, 
pH 7.5, 10 mM MgCI 2 . 10 mM dithiothreitol, and 1 mM ATP in a 10uJ volume. Ligation reactions were incubated at 16° 
C for 18 to 24 hours. The ligated DNA was used to transform competent E. coli. 294 cells (ATCC 31446) prepared by 
the method of Morrison (41). Transformants were selected on LB agar plates (30) which contained carbenecillin at a 

25 final concentration of 50 u.g per ml. Transformants which harbored glucoamylase gene sequences were identified by 
colony hybridization methods (30) using the glucoamylase-specific 28 mer as a probe. Hybridizing colonies were pu- 
rified, and plasmid DNAs were isolated from each by the alkaline-SDS miniscreen procedure (30). The plasmids se- 
lected in this manner all contained a 3.5 kb EcoRI fragment which hybridized to the synthetic glucoamylase probe. 
One such plasmid, designated pGal , was selected for further analysis. A 1 .1 kb EcoRI-Bglll fragment from the insert 

30 in pGal was subcloned into M13 mp9 (42) and partially sequenced by the dideoxy chain termination method (43) to 
confirm that the cloned DNA encoded the glucoamylase gene. A restriction endonuclease cleavage map of the 3.5 kb 
EcoRI fragment contained in pGal is depicted in Figure 1. It was generated by single and double restriction digests 
followed by orientation of the DNA fragments with respect to known restriction sites in pBR322 (44). 

35 B. Construction of pGa5 

[0057] The nucleotide sequence and restriction map of pGal indicated that pGal contained the entire glucoamylase 
coding region and 221 nucleotides of 5' flanking DNA. The sequences in this 5' region were strikingly similar to typical 
eukaryotic promoter sequences with TATAAAT and CAAT boxes located upstream of the ATG start codon (48). 

40 [0058] However, to insure that possible upstream activation sites of the Aspergillus niger glucoamylase gene were 
included in the final transformation vector a larger genomic fragment which contained at least 1000 bp of 5* flanking 
DNA was cloned. Southern blotting experiments similar to those already described identified a 6.5 kb Cla[ fragment 
which hybridized to a radiolabeled EcoRI glucoamylase fragment from pGal. The EcoRI fragment was radiolabeled 
by nick translation (30) with alpha-[32P]dCTP (Amersham; specific activity 3000 Ci/mmol). A nick translation kit (Bethes- 

45 da Research Labs) was used for the labeling reaction by following the instructions supplied by the manufacturer. Filters 
were hybridized and washed under stringent conditions (30). 

[0059] The 6.5 kbClal fragment identified by hybridization was cloned in a manner similar to that described previously. 
Aspergillus niger DNA was digested with Clal and size-fractionated by polyacrylamide gel electrophoresis. DNA frag- 
ments migrating between 5.5 and 8 kb were excised and eluted from the gel. This fraction was ligated to Clal cleaved 

so and dephosporylated pBR325 (45). The ligation mixture was used to transform competent E. coli 294 cells. Transform- 
ants were selected on LB agar plates containing carbenecillin (50 ug/ml). Colonies which contained glucoamylase 
gene sequences were identified by colony hybridization (30). Plasmid DNA extracted from hybridizing colonies con- 
tained a 6.5 kb Clal fragment which included the 3.5 kb EcoRI fragment cloned previously in pGal . These recombinant 
plasmids encoded the Aspergillus niger glucoamylase gene as confirmed by supercoil-DNA sequencing (46) with the 

55 synthetic oligonucleotide (28 mer) as a sequencing primer. A restriction endonuclease cleavage map of the 6.5 kb Clal 
fragment was constructed using single and double digests of the DNA cloned in pBR325. Restriction sites in the vector 
DNA were used as reference points to orient the fragment. This restriction map is shown in Figure 1. Location of the 
glucoamylase gene was deduced by comparing restriction sites of pGa5 to those of the previously published glucoamy- 
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Tase genes (39, 47,48). Frorrrthe mapping datait was*stimated«at approximately 3.3*bof theff-flanking DNAand 
about 1 kb of 3'-flanking DNA were contained within the cloned fragment. 

[0060] Plasmid P Ga5 was deposited with the ATCC on August 28. 1985 in E,coJi 294 and has been assigned number 
53249. 

C. Vector for Expression and Secretion of Aspergillus niger Gluc oamylase 

[00611 The 6.5 kb Clal fragment from pGa5 containing the glucoamylase gene was cloned into the E. cgli.- Aspergillus 
nidulans shuttle vector pDJB3 as depicted in Figure 2. The pDJB3 shuttle vector possesses a selectable beta-lactamase 
gene and origin or replication from E, coli plasmid pBR325, the pjrrt gene from Neuospora crassa which relieves the 
auxotrophic requirement for uridine in Aspergillus nidulans strain G1 91 , a sequence known as ANSI from Aspergillus 
nidulans which promotes a high frequency of stable integrative transformants in Aspergillus nidulans, unique EcoRI 
and Clal restriction sites for cloning. 

[0062T PDJB is constructed as depicted in Figure 14. Plasmid pFB6 (32) is digested to completion with Bglll and 
partially digested with Hindlll. Fragment B containing the gyrt gene (ca. 2Kb) is purified by gel electrophoresis and 
ligated into Hindlll/Bam HI digested pBR325 (fragment A) yielding plasmid pDJB1. The ANS-1 sequence is cloned by 
ligating EcoRI digested A, nidulans genomic DNA (strain G191 or other FGSC#4- derived strains) into EcoRI cleaved 
pFB6 The resulting pool of EcoRI fragments in pFB6 is used to transform a ura3- S. cerevisiae (E.G. ATCC 44769, 
44770 etc ). An autonomously replicating plasmid, plntA, is purified from the S. cerevisiae transformant. plntA is di- 
gested with EcoRI, the ANS-1 fragment is purified by gel electrophoresis and ligated into EcoRI digested pDJB1, 
yielding plasmid pDJB2. pDJB2 is partially digested with EcoRI, treated with DNA polymerase I (Klenow), and re-Hgated 
to yield plasmid pDJB3. The partial nucleotide sequence and restriction map of the ANS-1 fragment is showin in Figure 

13Aand13B. , „ . . 

[0063] Plasmid P Ga5 was digested with Clal and the large fragment (fragment A) was separated from the vector by 
agarose gel electrophoresis. This fragment was ligated with pDJB3 which had been cleaved with Clal and dephospho- 
rylated (fragment B). The ligation mixture was used to transform competent E. coli 294 cells, Transformants were 
selected on LB agar supplemented with carbenecillin (50 (ig/ml). Analysis of plasmid DNAs from these transformants 
indicated that the glucoamylase fragment had been inserted as expected. Both orientations of the glucoamylase frag- 
ment were obtained by screening various transformants. One plasmid, designated pDJB-gam1 was arbitranly chosen 
for transformation of Aspergillus nidulans protoplasts. 

D. Expression and Secretion of Glucoamylase 

[0064] Aspergillus nidulans Strain G191 was transformed with pDJB-gam-1 as previously described. Five transform- 
ants designated pDJB-flam-1-4, 9, 10, 11 & 13 were analyzed for glucoamylase activity as previously descnbed. The 
results are shown in Table I. 

Table I 



Sample 


Glucoamylase Activity (Sigma Units/ 




ml) 


pDJB3 


0.129 


pDJB-gam-1-4 


0.684 


pDJB-gam-1-9 


0.662 


pDJB-gam- 


0.131 


1-10 




pDJB-gam- 


0.509 


1-11 




pDJB-gam- 


0.565 


1-13 




A. niger 


2.698 



[0065] As can be seen, each pDJB-gam-1 transformant produced more glucoamylase activity than the control indi- 
cating that biologically active glucoamylase was expressed and secreted from the transformed fungi. 
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lase genes (39, 47, 48). From the mapping data it was estimated that approximately 3.3 kb of the 5'-flanking DNA and 
about 1 kb of 3'-flanking DNA were contained within the cloned fragment. 

[0060] Plasmid pGa5 was deposited with the ATCC on August 28. 1985 in E. coli 294 and has been assigned number 
53249. 

5 

C. Vector for Expression and Secretion of Aspergillus niger Glucoamylase 

[0061 ] The 6.5 kb Clal fragment from pGa5 containing the glucoamylase gene was cloned into the E . coli . - Aspergillus 
nidulans shuttle vector pDJB3 as depicted in Figure 2. The pDJB3 shuttle vector possesses a selectable beta-lactamase 
10 gene and origin or replication from E. coli plasmid pBR325, the pyj4 gene from Neuospora crassa which relieves the 
auxotrophic requirement for uridine in Aspergillus nidulans strain G191, a sequence known as ANSI from Aspergillus 
nidulans which promotes a high frequency of stable integrative transformants in Aspergillus nidulans, unique EcoRI 
and Clal restriction sites for cloning. 

[0062] pDJB is constructed as depicted in Figure 14. Plasmid pFB6 (32) is digested to completion with Bglll and 
15 partially digested with Hindlll. Fragment B containing the ^tA gene (ca. 2Kb) is purified by gel electrophoresis and 
ligated into Hindlll/Bam HI digested pBR325 (fragment A) yielding plasmid pDJB1. The ANS-1 sequence is cloned by 
ligating EcoRI digested A. nidulans genomic DNA (strain G191 or other FGSC#4- derived strains) into EcoRI cleaved 
pFB6. The resulting pool of EcoRI fragments in pFB6 is used to transform a ura3- S. cerevisiae (E.G. ATCC 44769, 
44770 etc.). An autonomously replicating plasmid, plntA, is purified from the S. cerevisiae transformant. plntA is di- 
20 gested with EcoRI, the ANS-1 fragment is purified by gel electrophoresis and ligated into EcoRI digested pDJB1, 
yielding plasmid pDJB2. pDJB2 is partially digested with EcoRI, treated with DNA polymerase I (Klenow), and re-ligated 
to yield plasmid pDJB3. The partial nucleotide sequence and restriction map of the ANS-1 fragment is showin in Figure 
13Aand13B. 

[0063] Plasmid pGa5 was digested with Clal and the large fragment (fragment A) was separated from the vector by 
25 agarose gel electrophoresis. This fragment was ligated with pDJB3 which had been cleaved with Clal and dephospho- 
rylated (fragment B). The ligation mixture was used to transform competent ^ coli 294 cells. Transformants were 
selected on LB agar supplemented with carbenecillin (50 ^ig/ml). Analysis of plasmid DNAs from these transformants 
indicated that the glucoamylase fragment had been inserted as expected. Both orientations of the glucoamylase frag- 
ment were obtained by screening various transformants. One plasmid, designated pDJB-gam1 was arbitrarily chosen 
30 for transformation of Aspergillus nidulans protoplasts. 

D. Expression and Secretion of Glucoamylase 

[0064] Aspergillus nidulans Strain G191 was transformed with pDJB-gam-1 as previously described. Five transfomv 
35 ants designated pDJB-gam-1-4, 9, 10, 11 & 13 were analyzed for glucoamylase activity as previously described. The 
results are shown in Table I. 



Table I 





Sample 


Glucoamylase Activity (Sigma Units/ 


40 




ml) 




pDJB3 


0.129 




pDJB-gam-1-4 


0.684 




pDJB-gam-1-9 


0.662 


45 


pDJB-gam- 


0.131 




1-10 






pDJB-gam- 


0.509 




1-11 






pDJB-gam- 


0.565 


50 


1-13 






A. niger 


2.698 



[0065] As can be seen, each pDJB-gam-1 transformant produced more glucoamylase activity than the control indi 
eating that biologically active glucoamylase was expressed and secreted from the transformed fungi. 
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EXAMPLE 2 - - - 

Expression and Secretion of Bovine Chymosin from Aspergillus nidulans 

5 [0066] Expression vectors were constructed encoding either a natural precursor of bovine chymosin (preprochy- 
mosin) or a fusion precursor in which DNA sequences for Aspergillus niger glucoamylase and prochymosin were pre- 
cisely fused.The strategy for the construction of these vectors involved the following steps. First, a DNA sequence 
containing a portion of the glucoamylase promoter and a portion of the glucoamylase 5'-coding region was cloned 
upstream from a DNA sequence corresponding to the ami no-terminal portion of preprochymosin. Next, nucleotides 

10 between the DNA fragments were deleted by M13 site-specific mutagenesis (40) using specific primer sequences. 
Finally, a segment of DNA containing the fused sequences was incorporated with the remaining portion of the prochy- 
mosin sequence into an expression vector which employed the 5'- and 3'- regulatory sequences of the Aspergillus 
niger glucoamylase gene. These steps are outlined in Figures 3 through 7. 

15 A. Construction of mp19 GAPR 

[0067] Plasmid pGa5 is used to derive a 337 bp EcoRI-Rsal DNA fragment (fragment A) bearing a portion of the 
glucoamylase promoter and an amino-terminal segment of the coding region. Fragment A was ligated with EcoRI and 
Smal digested M13mp19 RF-DNA (fragment B). The ligation mixture was used to transform E. coli. JM101 (ATCC 
20 33876). Clear plaques were analyzed for the presence of fragment A by restriction analysis of the corresponding 
RF-DNA. One isolate containing fragment A, designated mp19R-Rsa was digested with Pstl and Xbal and the large 
fragment (fragment C) was isolated. A small Xbal-Pstl sequence (fragment D) derived from pR3 (49) containing 5' 
preprochymosin sequences; was purified by electrophoresis and ligated to fragment C to produce the phage template 
mp19GAPR as shown in Figure 3. 

25 

B. Site Specific Deletion Mutagenesis 

[0068] As shown in Figure 8 mp19GAPRAC1 was derived from mp19 GAPR by deleting the nucleotides between 
the glucoamylase signal peptide codons and the codons for prochymosin by site-specific mutagenesis. Thus, in 

30 mp1 9GAPRAC1 the glucoamylase signal peptide codons are precisely fused to the first codon of prochymosin. Site- 
specific mutagenesis was done as previously described (40) except that only one oligonucleotide was used to prime 
second strand synthesis on the single-stranded M13 template (Figure 4) (40). The synthetic oligonucleotide used to 
derive mp19GAPRAC1 (primer 1) was 5 1 GCTCGGGGTTGGCAGCTGAGATCACCAG 3'. Plaques containing the de- 
sired deletion were identified by hybridization with the primer radio-labeled as previously described. 

35 [0069] In mp1 9GAPRAC3 the nucleotides between those immediately preceding the initiation codon of glucoamylase 
and the ATG start codon of preprochymosin were joined by site-specific mutagenesis using the synthetic oligonucleotide 
(primer 3) 

5' ACTCCCCCACCGCAATGAGGTGTCTCGT 3\ 

40 

[0070] The resulting mutation linked the glucoamylase promoter region precisely to the initiation codon of preproc- 
hymosin as depicted in Figure 8. 

45 C. Construction of Vectors for the Expression and Secretion of Bovine Chymosin 

[0071] As further depicted in Figure 4 each of the fusions between the glucoamylase sequences and 5* prochymosin 
sequences (m19GAPRAC1 and mp19GAPRAC3) were combined with the 3* prochymosin sequences and the Sac^ 
charomyces cerevisiae phosphoglyceratekinase (PGK) terminator in the Aspergillus nidulans transformation vector 

50 P DJB3. The replicative form of mp19GAPRAC1 and mp19GAPRAC3 was digested with EcoRI and Pstl. The smaller 
fragment (fragment 1) was isolated. Plasmid pBR322 was also digested with EcoRI and Pstl and the larger vector 
fragment (fragment 2) was isolated. Fragments 1 and 2 were joined by ligation and used to transform E. coli. 294. A 
tetracycline resistant colony containing either plasmid pBR322GAPRAC1, or pBR322GAPRAC3 was isolated. Frag- 
ment 2 was also treated with E. coli. polymerase I (Klenow fragment). The resulting blunt ended fragment was circu- 

55 larized by ligation and used to transform E. coli 294. One tetracycline resistant colony containing plasmid pBR322ARP 
was isolated and then digested with Hindl ll and Sail. The larger vector fragment (fragment 3) was isolated. The plasmid 
pCR1 60 was digested with Hindlll and Pstl and fragment 5 (containing the yeast PGK terminator fused to 3' prochymosin 
codons) was isolated. Fragments 3, 4, and 5 were joined by ligation and used to transform E. coli 294. A tetracycline 
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EXAMPLE 2 

Expression and Secretion of Bovine Chymosin from Aspergillus nidulans 

5 [0066] Expression vectors were constructed encoding either a natural precursor of bovine chymosin (preprochy- 
mosin) or a fusion precursor in which DNA sequences for Aspergillus niger glucoamylase and prochymosin were pre- 
cisely fused.The strategy for the construction of these vectors involved the following steps. First, a DNA sequence 
containing a portion of the glucoamylase promoter and a portion of the glucoamylase 5'-coding region was cloned 
upstream from a DNA sequence corresponding to the amino-terminal portion of preprochymosin. Next, nucleotides 

10 between the DNA fragments were deleted by M13 site-specific mutagenesis (40) using specific primer sequences. 
Finally, a segment of DNA containing the fused sequences was incorporated with the remaining portion of the prochy- 
mosin sequence into an expression vector which employed the 5 - and 3 - regulatory sequences of the Aspergillus 
niger glucoamylase gene. These steps are outlined in Figures 3 through 7. 

15 A. Construction of mp19 GAPR 

[0067] Plasmid pGa5 is used to derive a 337 bp EcoRI-Rsal DNA fragment (fragment A) bearing a portion of the 
glucoamylase promoter and an amino-terminal segment of the coding region. Fragment A was ligated with EcoRI and 
Smal digested M13mp19 RF-DNA (fragment B). The ligation mixture was used to transform E. coji. JM101 (ATCC 
20 33876). Clear plaques were analyzed for the presence of fragment A by restriction analysis of the corresponding 
RF-DNA. One isolate containing fragment A, designated mp19R-Rsa was digested with Pstl and Xbal and the large 
fragment (fragment C) was isolated. A small Xbal-Pstl sequence (fragment D) derived from pR3 (49) containing 5' 
preprochymosin sequences; was purified by electrophoresis and ligated to fragment C to produce the phage template 
mp19GAPR as shown in Figure 3. 

25 

B. Site Specific Deletion Mutagenesis 

[0068] As shown in Figure 8 mp19GAPRAC1 was derived from mp19 GAPR by deleting the nucleotides between 
the glucoamylase signal peptide codons and the codons for prochymosin by site-specific mutagenesis. Thus, in 

30 mp19GAPRAC1 the glucoamylase signal peptide codons are precisely fused to the first codon of prochymosin. Site- 
specific mutagenesis was done as previously described (40) except that only one oligonucleotide was used to prime 
second strand synthesis on the single-stranded M13 template (Figure 4) (40). The synthetic oligonucleotide used to 
derive mp1 9GAPRAC1 (primer 1 ) was 5' GCTCGGGGTTGGCAGCTGAGATCACCAG 3\ Plaques containing the de- 
sired deletion were identified by hybridization with the primer radio-labeled as previously described. 

35 [0069] In mp1 9GAPRAC3 the nucleotides between those immediately preceding the initiation codon of glucoamylase 
and the ATG start codon of preprochymosin were joined by site-specific mutagenesis using the synthetic oligonucleotide 
(primer 3) 

5' ACTCCCCCACCGCAATGAGGTGTCTCGT 3*. 

40 

[0070] The resulting mutation linked the glucoamylase promoter region precisely to the initiation codon of preproc- 
hymosin as depicted in Figure 8. 

45 C. Construction of Vectors for the Expression and Secretion of Bovine Chymosin 

[0071] As further depicted in Figure 4 each of the fusions between the glucoamylase sequences and 5* prochymosin 
sequences (m19GAPRAC1 and mp19GAPRAC3) were combined with the 3' prochymosin sequences and the Sac- 
charomyces cerevisiae phosphoglyceratekinase (PGK) terminator in the Aspergillus nidulans transformation vector 

50 P DJB3. The replicative form of mp19GAPRAC1 and mp19GAPRAC3 was digested with EcoRI and Pstl. The smaller 
fragment (fragment 1) was isolated. Plasmid pBR322 was also digested with EcoRI and Pstl and the larger vector 
fragment (fragment 2) was isolated. Fragments 1 and 2 were joined by ligation and used to transform E colL 294. A 
tetracycline resistant colony containing either plasmid pBR322GAPRAC1 , or pBR322GAPRAC3 was isolated. Frag- 
ment 2 was also treated with EL cpJL polymerase I (Klenow fragment). The resulting blunt ended fragment was circu- 

55 larized by ligation and used to transform E. coli 294. One tetracycline resistant colony containing plasmid pBR322ARP 
was isolated and then digested with Hindl ll and Sail. The larger vector fragment (fragment 3) was isolated. The plasmid 
pCR1 60 was digested with Hind lll and Pstl and fragment 5 (containing the yeast PGK terminator fused to 3' prochymosin 
codons) was isolated. Fragments 3, 4, and 5 were joined by ligation and used to transform E. coji 294. A tetracycline 
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resistant transfomiant containing^asmid pBR322GAPR A Cl or pBR322GAPR A C3 was isolated. 
[0072] Plasmid pCR1 60 contains the yeast 2 ^im origin of replication to allow its maintenance as a plasmid in yeast, 
the yeast TRP-1 gene as a yeast selection marker, an E. coji origin or replication and ampicillin resistance gene from 
the plasmid pBR322, and a prorennin expression unit. The prorennin expression unit contained the promoter from the 

5 yeast PGK gene, the prorennin coding region, and the terminator from the PGK gene. Construction of this plasmid was 
accomplished as depicted in Figure 9 in the following manner: Plasmid YEplPT (50) was partially digested with Hindlll 
followed by a complete EcoRI digestion, and the vector fragment A was isolated. A second plasmid pPGK-1600 (51) 
was partially digested with both EcoRI and Hind lll, and the PGK promoter fragment B was isolated. Fragments A and 
B were ligated to give the intermediate plntl which was again partially digested with EcoRI and the Hindlll, and the 

10 vector fragment C was isolated. The PGK terminator fragment D was isolated following Hindlll and Sau3A digestion 
of the plasmid pBI (52). The prorennin fragment E was isolated by cleaving pRI (49) DNA with EcoRI and Bell. Fragments 
C, D, and E were then ligated to produce the yeast expression plasmid pCR160. The nucleotide sequence of the PGK 
promoter, structural gene and terminator have been reported (53). 

[0073] Plasmids pBR322GAPRAC1 and pBR322GAPRAC3 contain a complete transcriptional unit for each of the 
15 forms of prochymosin. This transcriptional unit contains a precursor prochymosin coding sequence, the glucoamylase 
promoter, and the yeast PGK terminator. However, derivatives of these plasmids and plasmids pBR322GAPRAC2 and 
pBR322GAPRA4, described hereinafter, [designated plntl (1-4) Figure 5)] produced no detectable chymosin when used 
to transform A. nidulans G191 . It is not understood why these derivative plasmids failed to express and secrete chy- 
mosin. However, in light of subsequent results it appears that the yeast PKG terminator and/or the short glucoamylase 
20 promoter sequence in these plasmids is not recognized by A. nidulans G191. Based on these results, the 
pBR322GAPRAC plasmids were further modified. 

[0074] In the following steps the transcriptional unit was moved onto the Aspergillus nidulans transformation vector 
pDJB3. Additional glucoamylase 5* flanking sequences were incorporated just 5' of the promoter to insure the presence 
of possible upstream activation sites which could be involved in regulating expression. Further, the PKG terminator 

25 was replaced with the A. niger glucoamylase terminator from pGa5. Specifically, in Figure 5 each plasmid 
(pBR322GAPRAC1 or pBR322GAPRAC2) was digested with Clal and fragment 6 was isolated. Plasmid pDJB3 was 
also digested with Clal and treated with bacterial alkaline phosphatase in order to minimize self-ligation. This digested 
plasmid (fragment 7) was joined to fragment 6 and one ampicillin resistant colony containing plasmid plNTI-1 or plntl- 
3 was isolated. These plasmids were digested with Xhol and Nsil and the larger vector fragment (fragment 8 ) was 

30 isolated. Plasmid pGa5 which contains the entire glucoamylase gene as well as extensive 5' and 3' flanking sequences 
was digested with Xhol and Nsil and the smaller fragment (fragment 9, containing approximately 1700 bp of these 5' 
sequences) was isolated. Fragments 8 and 9 were joined by ligation and used to transform E. coli 294. One ampicillin 
resistant colony containing plasmid plnt2-1 or plnt2-3 was isolated. These plasmids differ most significantly from the 
final vectors (see Figure 7) in that they contain the yeast PGK terminator rather than the glucoamylase terminator. 

35 [0075] Additional steps in the construction of chymosin expression vectors are outlined in Figure 6. Plasmid pRI (49) 
was used to isolate a small Bcll-Asp7 18 DNA fragment (fragment A) which comprised the 3'- end of prochymosin cDNA. 
Fragment A was subsequently cloned into pUC18 (33) that was digested with Asp_718 and BamHI (fragment B). Sim- 
ilarly, a 1.2 kb Clal-Asp 718 DNA fragment (fragment D) was isolated from plasmid pGa5, and cloned into AccJ and 
Asp7 18 cleaved pUC18 (fragment C). The resulting intermediate plasmids, pUC-intl and pUC-int2, were digested with 

40 Sail and Hindl ll, and fragments E and F were isolated. These fragments were then ligated to produce pUC-int3 which 
contained the 3' end of prochymosin followed by the glucoamylase terminator sequences on a Hindlll-Asp71 8 fragment 
(fragment H). 

[0076] A new cloning vector, designated pBR-link, was created by inserting a synthetic oligonucleotide linker (con- 
taining Xho[ and Clal sites) into the unique Bam HI site of pBR322. This linker connoted the following sequence: 

45 

5* GATCCATCGATCTCGAGATCGATC 3» 

3' GTAGCTAGAGCTCTAGCTACCTAG 5 • 

50 

[0077] The larger Hind lll-Xhol fragment of this vector (fragment G) was purified by electrophoresis. Similarly, the 
Xhol-Asp7 18 restriction fragments (fragments I) of plasmids plnt2-1 and plnt2-3 were isolated electrophoretically. Frag- 
55 ments G and H were ligated with each of the different l-fragments in a series of three-way ligations to produce the 
intermediates plnt3-1 and plnt3-3. These key intermediates contained the glucoamylase promoter regions, various 
signal and propeptide fusions to the prochymosin (or preprochymosin) sequences followed by the glucoamylase ter- 
minator region all within convenient Clal restriction sites. Because certain Clal sites, such as those in the linker of pBR- 
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resistant transformant containing plasmid pBR322GAPR A C1 or pBR322GAPR A C3 was isolated. 
[0072] Plasmid pCR160 contains the yeast 2 u.m origin of replication to allow its maintenance as a plasmid in yeast, 
the yeast TRP-1 gene as a yeast selection marker, an E. coli origin or replication and ampicillin resistance gene from 
the plasmid pBR322, and a prorennin expression unit. The prorennin expression unit contained the promoter from the 

s yeast PGK gene, the prorennin coding region, and the terminator from the PGK gene. Construction of this plasmid was 
accomplished as depicted in Figure 9 in the following manner: Plasmid YEplPT (50) was partially digested with Hindlll 
followed by a complete EcoRI digestion, and the vector fragment A was isolated. A second plasmid pPGK-1600 (51) 
was partially digested with both EcoRI and Hind lll, and the PGK promoter fragment B was isolated. Fragments A and 
B were ligated to give the intermediate plntl which was again partially digested with EcoRI and the Hind lll, and the 

10 vector fragment C was isolated. The PGK terminator fragment D was isolated following Hindlll and Sau3A digestion 
of the plasmid pBI (52). The prorennin fragment E was isolated by cleaving pRI (49) DN A with EcoRI and Bell. Fragments 
C, D, and E were then ligated to produce the yeast expression plasmid pCR160. The nucleotide sequence of the PGK 
promoter, structural gene and terminator have been reported (53). 

[0073] Plasmids pBR322GAPRAC1 and pBR322GAPRAC3 contain a complete transcriptional unit for each of the 
15 forms of prochymosin. This transcriptional unit contains a precursor prochymosin coding sequence, the glucoamylase 
promoter, and the yeast PGK terminator. However, derivatives of these plasmids and plasmids pBR322GAPRAC2 and 
pBR322GAPRA4, described hereinafter, [designated plntl (1 -4) Figure 5)] produced no detectable chymosin when used 
to transform A. nidulans G191 . It is not understood why these derivative plasmids failed to express and secrete chy- 
mosin. However, in light of subsequent results it appears that the yeast PKG terminator and/or the short glucoamylase 
20 promotor sequence in these plasmids is not recognized by A. nidulans G191. Based on these results, the 
pBR322GAPRAC plasmids were further modified. 

[0074] In the following steps the transcriptional unit was moved onto the Aspergillus nidulans transformation vector 
pDJB3. Additional glucoamylase 5* flanking sequences were incorporated just 5 f of the promoter to insure the presence 
of possible upstream activation sites which could be involved in regulating expression. Further, the PKG terminator 

25 was replaced with the A. niger glucoamylase terminator from pGa5. Specifically, in Figure 5 each plasmid 
(pBR322GAPRAC1 or pBR322GAPRAC2) was digested with Clal and fragment 6 was isolated. Plasmid pDJB3 was 
also digested with Clal and treated with bacterial alkaline phosphatase in order to minimize self-ligation. This digested 
plasmid (fragment 7) was joined to fragment 6 and one ampicillin resistant colony containing plasmid plNTI-1 or plntl- 
3 was isolated. These plasmids were digested with Xhol and Nsil and the larger vector fragment (fragment 8 ) was 

30 isolated. Plasmid pGa5 which contains the entire glucoamylase gene as well as extensive 5* and 3' flanking sequences 
was digested with Xhol and Nsil and the smaller fragment (fragment 9, containing approximately 1700 bp of these 5' 
sequences) was isolated. Fragments 8 and 9 were joined by ligation and used to transform E. coli 294. One ampicillin 
resistant colony containing plasmid plnt2-1 or plnt2-3 was isolated. These plasmids differ most significantly from the 
final vectors (see Figure 7) in that they contain the yeast PGK terminator rather than the glucoamylase terminator. 

35 [0075] Additional steps in the construction of chymosin expression vectors are outlined in Figure 6. Plasmid pRI (49) 
was used to isolate a small Bcll-Asp 718 DNA fragment (fragment A) which comprised the 3 - end of prochymosin cDNA. 
Fragment A was subsequently cloned into pUC18 (33) that was digested with Asp718 and Bam HI (fragment B). Sim- 
ilarly, a 1.2 kb C1al-Asp 718 DNA fragment (fragment D) was isolated from plasmid pGa5, and cloned into Accl and 
Asp718 cleaved pUC18 (fragment C). The resulting intermediate plasmids, pUC-intl and pUC-int2, were digested with 

40 Sail and Hindl ll, and fragments E and F were isolated. These fragments were then ligated to produce pUC-int3 which 
contained the 3' end of prochymosin followed by the glucoamylase terminator sequences on a Hind lll-Asp718 fragment 
(fragment H). 

[0076] A new cloning vector, designated pBR-link, was created by inserting a synthetic oligonucleotide linker (con- 
taining Xhol and Clal sites) into the unique Bam HI site of pBR322. This linker connoted the following sequence: 

45 

5 1 GATCCATCGATCTCGAGATCGATC 3 1 

3' GT AG CT AG AG CTCTAG CT A C CT AG 5' 

50 

[0077] The larger Hindlll-Xhol fragment of this vector (fragment G) was purified by electrophoresis. Similarly, the 
Xhot-Asp71 8 restriction fragments (fragments I) of plasmids plnt2-1 and plnt2-3 were isolated electrophoretically. Frag- 
55 ments G and H were ligated with each of the different l-fragments in a series of three-way ligations to produce the 
intermediates plnt3-1 and plnt3-3. These key intermediates contained the glucoamylase promoter regions, various 
signal and propeptide fusions to the prochymosin (or preprochymosin) sequences followed by the glucoamylase ter- 
minator region all within convenient Clal restriction sites. Because certain Clal sites, such as those in the linker of pBR- 
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pression vectors pGRGI and pGRG3. 

D. Expression and Secretion of Bovine Chymosin 



40 



45 



50 



55 



Transformant 


No. of Transformants Tested 


Range of Chymosin Activity ug/ml 


pDJB3 
pGRGI 
pGRG3 


1 

5 
5 


0-0.13 
0-1.5 
0.05 - 7.0 



mosin is a member. 
EXAMPLE 3 

Fx pression and Secretion of Fusion P olypeptides from Aspergillus Nidulans 

ro081l Twofusion polypeptides were constructed for expression and secretion from A, niduiar^ One ^PjJ* 

terminal portion consisting of bovine prochymosin. 

A. Vectors for Expressing and Secreting Fus ion Polypeptides 

,0082] Vectors encoding the above fusion polypeptides were constructed ^^JJ^^^lISl 

mutagenesis method described above. The seguence of the oligonu.e- 
otide synthesized for this mutagenesis (primer 2) was 

5- TG ATTTCC AAG CGCGCTGAG ATC ACCAG 3*. 

(primer 4) 

5' TGAGCAACGAAGCGGCTG AG ATC ACCAG 3'. 
[0084] This deletion fused the glucoamylase promoter region, signal peptide sequence, propeptide sequence, plus 
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link, are inhibited by E. col i. DNA methylation, the plasmids plnt3-1 through plnt3-4 were transformed into a dam-strain 
of E. coli, designated GM48, (ATCC 39099) from which the plasmids were re-isolated. The unmethylated DNA was 
digested with Cla| and fragment J was purified by electrophoresis. Fragment J from each of the glucoamylase-pro- 
chymosin fusions was subsequently cloned into the unique Clal site of pDJB3 (fragment K) to produce the final ex- 
5 pression vectors pGRG1 and pGRG3. 

D. Expression and Secretion of Bovine Chymosin 

[0078] Aspergillus nidulans G191 was transformed with pGRG1 and pGRG3 as previously described. 
10 [0079] Five pGRG1 and five pGRG3 transformants were analyzed. Western analysis (not shown) indicated that each 
transformant secreted a protein which reacted with anti-chymosin and which migrated at the same or slightly higher 
molecular weight of bovine chymosin. The higher molecular weight species may be due to incorrect processing, media 
effects, or glycosylation. Integration was confirmed for one transformant of pGRG3 by Southern hybridization (results 
not shown). Each transformant was also assayed for chymosin activity. The results of this assay are shown in Table II. 

15 

Table II 



Transformant 


No. of Transformants Tested 


Range of Chymosin Activity iig/ml 


pDJB3 


1 


0-0.13 


pGRG1 


5 


0-1.5 


pGRG3 


5 


0.05 - 7.0 



[0080] These results indicate that pGRG1 and pGRG3 both secrete a protease, at various levels, above the pDJB3 
control. Occasionally, background proteolytic activity was detected in pDJB3 control broths. As will be shown hereinafter 
2 5 this protease activity of transformants is associated with the aspartic acid family of carboxyl proteases of which chy- 
mosin is a member. 

EXAMPLE 3 

30 Expression and Secretion of Fusion Polypeptides from Aspergillus Nidulans 

[0081] Two fusion polypeptides were constructed for expression and secretion from A. nidulans. One fusion polypep- 
tide contained an amino-terminal portion consisting of the pro sequence and first ten amino acids of Aspergillus niger 
glucoamylase and a carboxyl-terminal portion consisting of bovine prochymosin. The second fusion polypeptide con- 
35 tained an amino-terminal portion consisting of the pro sequence only of Aspergillus niger glucoamylase and a carboxyl- 
terminal portion consisting of bovine prochymosin. 

A. Vectors for Expressing and Secreting Fusion Polypeptides 

40 [0082] Vectors encoding the above fusion polypeptides were constructed by deleting specific sequences from 
mp19GAPR followed by the same manipulations as described above for constructing pGRG1 and pGRG3. As shown 
in Figure 8, in mp19GAPRAC2 the nucleotides between the glucoamylase propeptide codons and the codons of pro- 
chymosin were deleted using the site-specific mutagenesis method described above. The sequence of the oligonucle- 
otide synthesized for this mutagenesis (primer 2) was 

45 

5* TGATTTCCAAGCGCGCTGAGATCACCAG 3'. 

[0083] This mutation was intended to fuse the glucoamylase promoter, signal peptide, and propeptide codons to the 
50 first codon of prochymosin. In mp1 9GAPRAC4 the nucleotide sequences between the tenth codon of mature glucoamy- 
lase and the codons of prochymosin were deleted by M13 site-specific mutagenesis with the synthetic oligonucleotide 
(primer 4) 

55 5' TGAGCAACGAAGCGGCTGAGATCACCAG 3'. 

[0084] This deletion fused the glucoamylase promoter region, signal peptide sequence, propeptide sequence, plus 
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15 
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35 



40 



45 



50 



55 



ten codons ot the. mature glucoamytase to the codons of prochymosin as shown in Figure 8. These expression and 
secretion vectors designated as pGRG2 and pGRG4 were used to transform A. nidulans. 




[0085] pGRG2 and pGRG4 transformants were cultured as previously described. The culture medium was assayed 
for chymosin activity by Western blot and gave results similar to those obtained for pGRG1 and pGRG3. Integration 
of one pGRG2 transformant was confirmed by Southern Analysis (results not shown). The results of the chymosin 
assay are presented in Table III. 



Table 



Transformant 


No. of Transformants 


Range of Chymosin Activity \igl 




Tested 


ml 


pDJB3 


1 


0-0.13 


pGRG2 


1 


0.001-0.42 


pGRG4 


6 


0.004-0.75 



[00861 Again each of the transformants demonstrated protease activity above the pDJB3 control indicating that a 
protease was expressed and secreted by the transformants. As with pGRG1 and pGRG3, these proteases belong to 
the aspartic acid family of carboxyl proteases as evidenced by the pepstatin inhibition. Significantly, these results 
indicate that hybrid polypeptides have been expressed in a filamentous fungus. 

EXAMPLE 4 

Pepstatin Inhibition Study 

[0087] Three of the above vectors containing the various constructions involving chymosin were analyzed in the 
pepstatin inhibition assay as described supra. The results are shown in Table IV. 

TablelV 



Sample 


Chymosin Activity (u.g/ml) 


pDJB3 . 


0 


pDJB3 pepstatin 


0 


pGRG1 


Q.2 


pGRG1 pepstatin 


0.05 


pGRG2 


0.1 


pGRG2 pepstatin 


0 


pGRG3 


3 


pGRG3 pepstatin 


0.6 



[0088] The samples preincubated with pepstatin show a marked decrease in activity indicating that the protease 
produced by the transformants is of the aspartic acid family of acid proteases to whic chymosin is a member. This data 
together with the results from the Western analysis indicates that biologically active chymosin is expressed and secreted 
by A nidulans G191 transformed with pGRG1 , pGRG2, pGRG3 and pGRG4. 

[0089] The variation in the amount of chymosin activity detected for different vector constructions in Example II and 
Example III may reflect differences in the recognition of the various signals incorporated in each transformation vector. 
Within a particular construction, the variation in chymosin activity may be related to the copy number of the vector 
incorporated into the fungal genome and/or to the location of such integration. 

EXAMPLE 5 

Carbon source studies 

[0090] One vector, pGRG4, was used to transform A, nidulans G191 which was thereafter grown on the various 
carbon sources previously described. The results of this assay are shown in Table V. 
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ten codons of the mature glucoamylase to the codons of prochymosin as shown in Figure 8. These expression and 
secretion vectors designated as pGRG2 and pGRG4 were used to transform A. nidulans. 

B, Expression and Secretion of Chymosin from Aspergillus Nidulans Transformed With PGRG2 and PGRG4 

[0085] pGRG2 and pGRG4 transformants were cultured as previously described. The culture medium was assayed 
for chymosin activity by Western blot and gave results similar to those obtained for pGRG1 and pGRG3. Integration 
of one pGRG2 transformant was confirmed by Southern Analysis (results not shown). The results of the chymosin 
assay are presented in Table III. 



Table III 



Transformant 


No. of Transformants 


Range of Chymosin Activity ug/ 




Tested 


ml 


pDJB3 


1 


0-0.13 


pGRG2 


1 


0.001-0.42 


pGRG4 


6 


0.004-0.75 



[0086] Again each of the transformants demonstrated protease activity above the pDJB3 control indicating that a 
protease was expressed and secreted by the transformants. As with pGRG1 and pGRG3, these proteases belong to 
the aspartic acid family of carboxyl proteases as evidenced by the pepstatin inhibition. Significantly, these results 
indicate that hybrid polypeptides have been expressed in a filamentous fungus. 

EXAMPLE 4 

Pepstatin Inhibition Study 

[0087] Three of the above vectors containing the various constructions involving chymosin were analyzed in the 
pepstatin inhibition assay as described supra. The results are shown in Table IV. 



Table IV 



Sample 


Chymosin Activity (ng/ml) 


pDJB3 


0 


pDJB3 pepstatin 


0 


pGRG1 


0.2 


pGRG1 pepstatin 


0.05 


pGRG2 


0.1 


pGRG2 pepstatin 


0 


pGRG3 


3 


pGRG3 pepstatin 


0.6 



[0088] The samples preincubated with pepstatin show a marked decrease in activity indicating that the protease 
produced by the transformants is of the aspartic acid family of acid proteases to whic chymosin is a member. This data 
together with the results from the Western analysis indicates that biologically active chymosin is expressed and secreted 
by A. nidulans G191 transformed with pGRG1 , pGRG2, pGRG3 and pGRG4. 

[0089] The variation in the amount of chymosin activity detected for different vector constructions in Example II and 
Example 111 may reflect differences in the recognition of the various signals incorporated in each transformation vector. 
Within a particular construction, the variation in chymosin activity may be related to the copy number of the vector 
incorporated into the fungal genome and/or to the location of such integration. 

EXAMPLE 5 

Carbon source studies 

[0090] One vector, pGRG4, was used to transform A. nidulans G191 which was thereafter grown on the various 
carbon sources previously described. The results of this assay are shown in Table V. 
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Table V 



Amount of chymosin activity produced on various carbon sources (^g/ 

mi) 



pDJB3 
pGRG4 



starch 


glucose 


fructose 


sucrose 


0 


0 


0 


0 


3.5 


3.5 


0.9 


1.75 



[0091] These results clearly show that chymosin is secreted regardless of the carbon source. This suggests that 
transcriptional regulation of the glucoamylase promotor is unlike that in A. niger, i.e. not strongly inducible by starch. 

EXAMPLE 6 

Expression and Secretion of Mucor meihei Carboxy l Protease 
A. Carboxyl Protease Genomic Probe 

[0092] The partial primary structure of Mucor miehei acid protease (54) was inspected for the region of lowest genetic 
redundancy. Residues 187-191 (using the pig pepsin numbering system), try-tyr-phe-trp-asp, were selected. Oligonu- 
cleotides complementary to the coding sequence corresponding to this amino acid sequence, 



5--GC(G/A)TCCCA(G/A)AA(G/A)TA(G/A)TA-3-. 

were synthesized (31) and labelled using gamma 32P-ATP and T4 polynucleotide kinase (30). 
B. Cloning of Mucor meihei Carboxyl Protease 

[0093] Genomic DNA from Mucor miehei (Centraal Bureau Voor Schimmelcultures, Holland 370.75) was prepared 
as follows. Cells grown in YMB medium (3g/l yeast extract. 3gfl malt extract. 5g/l peptone. 1 0g/I glucose) were collected 
by centrifugation. washed twice with 0.5M NaCI. and lyophilized. Cell walls were then disrupted by adding sand to the 
cells and grinding the mixture with a mortar and pestle. The resulting powder was suspended (15 ml. ^er gram i dry 
weight) in a solutton containing 25% sucrose. 50mM Tris-HCI (pH 8.0). and 10 mM EDTA. SDS was added to a fma 
Zee tration of 0.1% and the suspension was extracted once with a half-volume of phenol 
volumes of chloroform. The final aqueous phase was dialysed extensively against 10mM Tns-HCI, pH 8.0 and ImM 
EDTA. The DNA was then precipitated by the addition of sodium acetate. pH 5.5. to a concentration of 0.3 _M flowed 
by the addition of 2.5 volumes of cold ethanol. Aliquots of this DNA were digested with a variety of restnction endonu- 
cleases according to the manufacturers' directions and then analyzed for sequences compteme "^^"fj Vj 
the probes described above, using the method of Southern. A positively hybnd.zmg band of approximately ] 2. 5 kb 
(kilobases) was identified in the Hindlll digested DNA. Hjndlll digested genomic DNA was separated by P^Ma 
gel electrophoresis and a gel fragment containing DNA of 2.0-3.0 kb was electroeluted as previously desenbed^ The 
electroeluted DNA. presumed to be enriched for sequences corresponding to the Mucor miehei acid protease gene 
w^^precipiteted. The cloning vector pBR322 (ATCC 37017) was digested with , Hindll and dephosphory,ated 
using bacteria, alkaline phosphatase, .n a typical 10 ul reaction 100 ng of vector and 100 mg of he size ennched DNA 
were joined in the presence of ATP and T4 DNA ligase. The reaction was used to transform E^coh 294 (ATCC 31446 
by the calcium shock procedure (30). About 2.0x10* ampicillin resistant clones were obtained. *P"«^J^J f 
these contained cloned inserts as indicated by their failure to grown on tetracycline containing medium. These colonies 
were tested by a standard colony hybridization procedure for the presence of sequences complementary to those of 
the DNA probes. One positively hybridizing colony, containing plasmid pMeS'muc was found to contain , H.ndHI insert 
of the expected 2.5 kb size. The termini of this fragment were subcloned into M13 sequencing vectors (33) and their 
sequences determined by the dideoxy chain termination method. One terminus contained sequences corresponding 
to Jte known amino terminal amino acid sequence of the acid protease gene. The adjacent 3' region v^quer,ced 
in order to obtain more C terminal coding sequences. The sequencing strategy is shown m F,g. 10. In this way the 
entire coding sequence for the mature form of the protein was obtained. The 5' end of the fragment was found to occur 
112 bp (base pairs) upstream of the codon corresponding the mature amino terminus. S.nce th.s upstream region 
contained no in frame initiation codons it was presumed to be part of a propeptide. 
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Table V 



10 



15 



20 



Amount of chymosln activity produced on various carbon sources (^g/ 

mi) 



pDJB3 
pGRG4 



starch 


glucose 


fructose 


sucrose 


0 


0 


0 


0 


3.5 


3.5 


0.9 


1.75 



[0091] These results clearly show that chymosln is secreted regardless of the carbon source. This suggests that 
transcriptional regulation of the glucoamylase promotor is unlike that in A. niger, i.e. not strongly inducible by starch. 

EXAMPLE 6 

Expression and Secretion of Mucor meihei Carboxyl Protease 
A. Carboxyl Protease Genomic Probe 

[0092] The partial primary structure of Mucor miehei acid protease (54) was inspected for the region of lowest genetic 
redundancy. Residues 187-191 (using the pig pepsin numbering system), try-tyr-phe-trp-asp, were selected. Oligonu- 
cleotides complementary to the coding sequence corresponding to this amino acid sequence, 



5'-GC(G/A)TCCCA(G/A)AA(G/A)TA(G/A)TA-3', 

25 

were synthesized (31) and labelled using gamma 32P-ATP and T4 polynucleotide kinase (30). 
B. Cloning of Mucor meihei Carboxyl Protease 

30 [0093] Genomic DNA from Mucor miehei (Centraal Bureau Voor Schimmelcultures, Holland 370.75) was prepared 
as follows. Cells grown in YMB medium (3g/l yeast extract, 3g/l malt extract, 5g/l peptone, 10g/l glucose) were collected 
by centrifugation, washed twice with 0.5M NaCI, and lyophilized. Cell walls were then disrupted by adding sand to the 
cells and grinding the mixture with a mortar and pestle. The resulting powder was suspended (15 ml. per gram dry 
weight) in a solution containing 25% sucrose, 50mM Tris-HCI (pH 8.0), and 10 mM EDTA. SDS was added to a final 

35 concentration of 0.1 % and the suspension was extracted once with a half-volume of phenol and three times with half 
volumes of chloroform. The final aqueous phase was dialysed extensively against 10mM Tris-HCI, pH 8.0 and 1mM 
EDTA. The DNA was then precipitated by the addition of sodium acetate, pH 5.5, to a concentration of 0.3 M. followed 
by the addition of 2.5 volumes of cold ethanol. Aliquots of this DNA were digested with a variety of restriction endonu- 
cleases according to the manufacturers' directions and then analyzed for sequences complementary to sequences of 

40 the probes described above, using the method of Southern. A positively hybridizing band of approximately 2.5 kb 
(kilobases) was identified in the Hindlll digested DNA. Hindlll digested genomic DNA was separated by polyacrylamide 
gel electrophoresis and a gel fragment containing DNA of 2.0-3.0 kb was electroeluted as previously described. The 
electroeluted DNA, presumed to be enriched for sequences corresponding to the Mucor miehei acid protease gene, 
was ethanol precipitated. The cloning vector pBR322 (ATCC 37017) was digested with Hindlll and dephosphorylated 

45 using bacterial alkaline phosphatase. In a typical 10 ul reaction 100 ng of vector and 100 mg of the size enriched DNA 
were joined in the presence of ATP and T4 DNA ligase. The reaction was used to transform E. coli 294 (ATCC 31446) 
by the calcium shock procedure (30). About 2.0X10 4 ampicillin resistant clones were obtained. Approximately 98% of 
these contained cloned inserts as indicated by their failure to grown on tetracycline containing medium. These colonies 
were tested by a standard colony hybridization procedure for the presence of sequences complementary to those of 

50 the DNA probes. One positively hybridizing colony, containing plasmid pMe5'muc, was found to contain a Hindlll insert 
of the expected 2.5 kb size. The termini of this fragment were subcloned into M13 sequencing vectors (33) and their 
sequences determined by the dideoxy chain termination method. One terminus contained sequences corresponding 
to the known amino terminal amino acid sequence of the acid protease gene. The adjacent 3' region was sequenced 
in order to obtain more C terminal coding sequences. The sequencing strategy is shown in Fig. 10. In this way the 

55 entire coding sequence for the mature form of the protein was obtained. The 5' end of the fragment was found to occur 
112 bp (base pairs) upstream of the codon corresponding the mature amino terminus. Since this upstream region 
contained no in frame initiation codons it was presumed to be part of a propeptide. 
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[0094T In orderto obtain DNA containing the initiation codon as well as 5 1 untranslated sequences a more clone 
Solaced as follows. A Hind.l.-Clal 81 3 bP 5' subfragment of the pMeS'CIa Hind III insert was .solated and labelled 
byTe ^translation m*5d WTO. labelled fragment was used to probe Oal digested M»£j^ 
DNA by the method of Southern. This experiment revealed a single band of hybrid.zat.on correspond.ng to a molecular 
weCht oTapproximately 1300 bp. Size enriched DNA of this size was isolated and cloned .nto Oal d.gested and de- 

Ls indicated by their failure to grow on tetracycline containing medium. These colonies were tested by a standard 
ZEfiSlSSn Procedure^ the presence of sequences commentary to those of the <™£< ^ 
One positively hybridizing colony, containing plasmid P Me2, was found to conta.n a Oal .nsert of the expected 1.3 > kb 
sS Sequencing of the ends of this fragment showed that one terminus corresponded to sequences near the CM srte 
oHhe Zd 111 fragment in pMeS'CIa and thus permitted orientation of the fragment which ,s shown .n F.gure 10. Further 
sequencing of the Clal fragment disclosed the initiation codon and 5" untranslated sequences. The enUre cod.ng se- 
quenced the 5'ind 3' flanking sequences are shown in Figure 10. Comparison of the deduced pnmary structure 
«t determined by direct amino acid sequencing indicates that the Mucor protein is made as a precursor *M ^an 
ten^inal extension of 69 residues. Based on the structural features generally present .n leader pep .des rt s 
TelyTnatTesidues -21 to -1 comprise a leader peptide and that residues 21-69 comprise a propept.de analogous to 
that found in the zymogen forms of other acid proteases including chymosin and pepsin (55). 



C. Mucor meihei carboxvl protease Express ion and Secretion Vector 



[0096] A vector for expressing and secreting Mucor miehei carboxy protease includes the ^entire inati* , Muco. -miehei 
acid protease transcriptional unit including the coding sequence, 5' flanking sequences (promoter), and 3 flank.ng 

^H^^Zt^^ is depicted in Fig. 12. The ^ | 

SpDJBI was digested with Clal and EcoR. and the larger vector fragment (fragment 1 ) was .solated. The plasm.d 
P M?5'Cla was digested with EcoRTand fragment 2 was isolated. This fragment conta.ns toe 5 £*» _of the 

add protease together with about 500 bp of 5" flanking sequences. Fragments 1 and 2 were jomed by ligation and used 
* SSVSl 294. One ampicillin resistant colony containing plasmid pMeJBint was isolated. Th.s plasmid was 
lesteHth C^and treated with bacterial alkaline phosphatase in order to reduce self ligation and .s designated 
SZt 3. PlSmid P Me2 was digested with Clal and the smaller fragment (fragment 4) was isolated. Th.s fragment 
Sns the Mucor miehei acid protease 3' codons and about 1800 bp of 3' flanking sequences, ^gments 3 and < 
Tre Joined by ligation and used to transform BcoH 294. One ampicillin resistant colony conta.n.ng p.asm.d pMeJB1-7 
was isolated. This vector was used to transform Aspergillus nidulans. 

D. Expression and Secretion of Mucor miehei Carb oxvl Protease by Aspergillus Nidulans 

[00981 Southern blot analysis of six transformants indicated the presence of the entire Mucor miehei acid protease 
gene in the Aspergillus nidulans genome (results not shown). In addition, each of the transformants were ana^zed by 
Weste ^ 

Table VI 



Transformant 


Protease Activity (mg/ 
mi) 


1 


0.003 


2 


0.007 


3 


0.003 


4 


0.005 


5 


0.005 


6 


0.012 



[0099] These experiments demonstrate expression and secretion of a protein that reacts w.th specfic anUbody to 
Muoo miehei carboxyl protease and which has milk clotting activity. The protein has an apparent molecular we ght by 
eSSc atlysis that is slightly greater than that of the authentic (Mucor miehei derived) prote,n. Th.s may 
rndSe th TAspergls nidulans glycosylates this glycoprotein to a different extent than Mucor m.ehe, Because the 
AsSl u nld^^riv^cor meihei acid protease appears to have the same specfic act-vrty as the authenbc 
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[0094] In order to obtain DNA containing the initiation codon as well as 5' untranslated sequences a more 5' clone 
was isolated as follows. A Hind lll-Clal 813 bP 5' subfragment of the pMeS'CIa Hind III insert was isolated and labelled 
by the nick translation method (30). This labelled fragment was used to probe Clal digested Mucor miehei genomic 
DNA by the method of Southern. This experiment revealed a single band of hybridization corresponding to a molecular 
5 weight of approximately 1300 bp. Size enriched DNA of this size was isolated and cloned into Clal digested and de- 
phosphorylated pBR322 as described above. 

[0095] Approximately 9000 ampicillin resistant colonies were obtained. About 90% of these contained cloned inserts 
as indicated by their failure to grow on tetracycline containing medium. These colonies were tested by a standard 
colony hybridization procedure for the presence of sequences complementary to those of the nick translated probe. 

10 One positively hybridizing colony, containing plasmid pMe2, was found to contain a Clal insert of the expected 1 .3 kb 
size. Sequencing of the ends of this fragment showed that one terminus corresponded to sequences near the Clal site 
of the Hind III fragment in pMeS'CIa and thus permitted orientation of the fragment which is shown In Figure 10. Further 
sequencing of the Cjal fragment disclosed the initiation codon and 5' untranslated sequences. The entire coding se- 
quence and the 5' and 3' flanking sequences are shown in Figure 10. Comparison of the deduced primary structure 

15 with that determined by direct amino acid sequencing indicates that the Mucor protein is made as a precursor with an 
amino-terminal extension of 69 residues. Based on the structural features generally present in leader peptides it is 
likely that residues -21 to -1 comprise a leader peptide and that residues 21-69 comprise a propeptide analogous to 
that found in the zymogen forms of other acid proteases including chymosin and pepsin (55). 

20 C. Mucor meihei carboxyl protease Expression and Secretion Vector 

[0096] A vector for expressing and secreting Mucor miehei carboxy protease includes the entire native Mucor miehei 
acid protease transcriptional unit including the coding sequence, 5* flanking sequences (promoter), and 3* flanking 
sequences (terminator and polyadenylation site). 

25 [0097] The overall strategy for making this vector is depicted in Fig. 12. The Aspergillus nidulans transformation 
vector pDJB1 was digested with Clal and EcoRI and the larger vector fragment (fragment 1 ) was isolated. The plasmid 
pMe5'Cla was digested with EcoRI and Clal and fragment 2 was isolated. This fragment contains the 5' codons of the 
acid protease together with about 500 bp of 5' flanking sequences. Fragments 1 and 2 were joined by ligation and used 
to transform E. coli 294. One ampicillin resistant colony containing plasmid pMeJBint was isolated. This plasmid was 

30 digested with Clal and treated with bacterial alkaline phosphatase in order to reduce self ligation and is designated 
fragment 3. Plasmid pMe2 was digested with Clal and the smaller fragment (fragment 4) was isolated. This fragment 
contains the Mucor miehei acid protease 3' codons and about 1800 bp of 3' flanking sequences. Fragments 3 and 4 
were joined by ligation and used to transform E. coli 294. One ampicillin resistant colony containing plasmid pMeJB1-7 
was isolated. This vector was used to transform Aspergillus nidulans. 

35 

D. Expression and Secretion of Mucor miehei Carboxyl Protease by Aspergillus Nidulans 

[0098] Southern blot analysis of six transformants indicated the presence of the entire Mucor miehei acid protease 
gene in the Aspergillus nidulans genome (results not shown). In addition, each of the transformants were analyzed by 
*o Western blots (results not shown) and for acid protease activity. The results of the protease assay are shown in Table VI. 



Table VI 



Transformant 


Protease Activity (mg/ 




ml) 


1 


0.003 


2 


0.007 


3 


0.003 


4 


0.005 


5 


0.005 


6 


0.012 



[0099] These experiments demonstrate expression and secretion of a protein that reacts with specific antibody to 
Mucor miehei carboxyl protease and which has milk clotting activity. The protein has an apparent molecular weight by 
electrophoretic analysis that is slightly greater than that of the authentic (Mucor miehei derived) protein. This may 
indicate that Aspergillus nidulans glycosylates this glycoprotein to a different extent than Mucor miehei. Because the 
Aspergillus nidulans derived Mucor meihei acid protease appears to have the same specific activity as the authentic 
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material-it appears that it has been processed (by the cell or autocatalytically) to the mature form. The unprocessed 
forms of other acid proteases such as chymosin and pepsin are zymogens which require processing (autocatalytic) 
before activity is obtained. 

[0100] The varying levels of expression in the various transformants may reflect the position or copy number of the 
protease gene in the Aspergiltus nidulans genome. However, the expression and secretion of biologically active car- 
boxyl protease indicates the A. nidulans recognizes the promoter, signal and terminator signals of Mucor mjehei car- 
boxyl protease. 



EXAMPLE 7 

Expression and Secretion of Chymosin Encoded by pGRG1-4 from A. Awamori an d Trichoderma reesei pyrG 
Auxotrophic Mutants 

[0101] The plasmids pGRG1 through pGRG4 (pGRG1-4) were also used to transform orotidine-5'-phosphate decar- 
boxylase (OMPCase) deficient mutants of A. awamori and Trichoderma reesei. The rjyrt gene from N. crassa encoded 
by the pGRG1-4 plasmid complements these OMPCase mutants in the absence of uridine to permit the isolation of 
successful transformants. The thus transformed mutants of A. awamori and T. reesei secreted detectable amounts of 
bichemically active chymosin into the culture medium. 

A. Production of pyrG Auxotrophs 

[0102] The method used to obtain pyrG auxotrophic mutants of A. awamori and T. reesei involved selection on the 
pyrimidine analog 5-fluoro-orotic acid (FOA) (56). The mechanism by which FOA kills wild-type cells is unknown. How- 
ever, in view of the resistance of OMPCase-deficient mutants to FOA, it is likely that the toxicity occurs through con- 
version of FOA to 5-fluoro-UMP. Whether cell death is caused by a flouoridated ribonucleotide or deoxyribonucleotide 
is uncertain. 

[0103] The following methods describe the isolation of OMPCase-deficient (FOA-resistant) mutants of T. reesei and 
A. awamori: 



1 . Trichoderma reesei 

[0104] A fresh spore suspension of T. reesei strain P37 (NRRL 1 5709) was washed three times in sterile distilled 
water containing 0.01% Tween-80. Fifteen milliliters of this spore suspension (1 x 10 7 spores per ml) were placed in 
a sterile petri dish (1 00 x 20 mm) with a sterile magnetic stirring bar. The lid was removed and the spores were exposed 
to ultraviolet (UV) light at 254 nm (7000 uW per cm2), in the dark at a distance of 25 cm from the UV light source. The 
spores were stirred constantly. UV exposure continued for three minutes (sufficient to give 70% killed spores). The 
irradiated spore suspension was collected in a 50 ml centrifuge tube and stored in the dark for one hour to prevent 
photoreactivation. Spores were pelleted by centrifugation and the pellet was resuspended in 200 ul of sterile water 
containing 0.01 % Tween-80. 

[0105] The suspension was diluted and plated onto YNB agar medium (0.7% yeast nitrogen base without amino 
acids, 2% glucose, 1 0mM uridine, 2% agar) (56) containing 0.15% FOA (SCM Specialty Chemicals, Gainsville, Florida). 
After 4 days incubation at 30°C, 75 colonies were picked to fresh YNB agar that contained FOA. Sixty-two of the 75 
colonies grew and were toothpicked to minimal agar (6 g/l NaN0 3 , 0.52 g/l KCI, 1 .52 g/l KH 2 P0 4 , 1 ml/l trace elements 
solution, 1% glucose, 0.1% MgS0 4 , 20 g/l agar) and minimal agar plus 1 mg/ml uridine to determine uridine require- 
ments. All of the 62 isolates grew on minimal agar with uridine, but 9 isolates failed to grow on minimal agar alone. 
These 9 strains were repicked to minimal agar and minimal agar with uridine. Two of the strains grew only on minimal 
agar supplemented with uridine. One of these, designated T. reesei pyrG29, grew well on minimal medium with uridine 
with no background growth on minimal medium alone. 



2. Aspergillus awamori 

(i) Production of A. awamori strain UVK 143f- a Hyperproducer of Glucoamylase 

[0106] Spores of A. awamori strain NRRL 3112 were obtained after 5-7 days growth on Potato Dextrose Agar (PDA, 
Difco Co.) at 30°C. Spores were harvested by washing the surface of the plate with sterile 0.1% Tween-80 in distilled 
H 2 0 and gently scraping the spores free. Spores were washed by centrifugation and resuspended in the same buffer 
to give a final concentration of between 1X10 7 to 2x1 0 8 spores/ml. Preparations were stored at 4°C. 
[01 07] Two ml of spores was added to a sterile petri plate. The top of the dish was removed and spores were exposed 
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material it appears that it has been processed (by the cell or autocatalytically) to the mature form. The unprocessed 
forms of other acid proteases such as chymosin and pepsin are zymogens which require processing (autocatalytic) 
before activity is obtained. 

[0100] The varying levels of expression in the various transformants may reflect the position or copy number of the 
5 protease gene in the Aspergillus nidulans genome. However, the expression and secretion of biologically active car- 
boxyl protease indicates the A. nidulans recognizes the promoter, signal and terminator signals of Mucor miehei car- 
boxyl protease. 

EXAMPLE 7 

10 

Expression and Secretion of Chymosin Encoded by pGRG1-4 from A. Awamori and Trichoderma reesel pyrG 
Auxotrophic Mutants 

[0101] The plasmids pGRG1 through pGRG4 (pGRG1-4) were also used to transform orotidine^-phosphate decar- 
15 boxylase (OMPCase) deficient mutants of A. awamori and Trichoderma reesei. The pyr4 gene from N. crassa encoded 
by the pGRG1-4 plasmid complements these OMPCase mutants in the absence of uridine to permit the isolation of 
successful transformants. The thus transformed mutants of A. awamori and T. reesei secreted detectable amounts of 
bichemically active chymosin into the culture medium. 

20 A. Production of pyrG Auxotrophs 

[0102] The method used to obtain pyrG auxotrophic mutants of A. awamori and T. reesei involved selection on the 
pyrimidine analog 5-fluoro-orotic acid (FOA) (56). The mechanism by which FOA kills wild-type cells is unknown. How- 
ever, in view of the resistance of OMPCase-deficient mutants to FOA, it is likely that the toxicity occurs through con- 
25 version of FOA to 5-fluoro-UMP. Whether cell death is caused by a flouoridated ribonucleotide or deoxyribonucleotide 
is uncertain. 

[0103] The following methods describe the isolation of OMPCase-deficient (FOA-resistant) mutants of T. reesei and 
A. awamori: 

30 1 . Trichoderma reesei 

[0104] A fresh spore suspension of T. reesei strain P37 (NRRL 15709) was washed three times in sterile distilled 
water containing 0.01 % Tween-80. Fifteen milliliters of this spore suspension (1 x 10 7 spores per ml) were placed in 
a sterile petri dish (1 00 x 20 mm) with a sterile magnetic stirring bar. The lid was removed and the spores were exposed 
35 to ultraviolet (UV) light at 254 nm (7000 uW per cm2), in the dark at a distance of 25 cm from the UV light source. The 
spores were stirred constantly. UV exposure continued for three minutes (sufficient to give 70% killed spores). The 
irradiated spore suspension was collected in a 50 ml centrifuge tube and stored in the dark for one hour to prevent 
photoreactivation. Spores were pelleted by centrifugation and the pellet was resuspended in 200 ul of sterile water 
containing 0.01 % Tween-80. 

40 [0105] The suspension was diluted and plated onto YNB agar medium (0.7% yeast nitrogen base without amino 
acids, 2% glucose, 10mM uridine, 2% agar) (56) containing 0.15% FOA (SCM Specialty Chemicals, Gainsville, Florida). 
After 4 days incubation at 30°C, 75 colonies were picked to fresh YNB agar that contained FOA. Sixty-two of the 75 
colonies grew and were toothpicked to minimal agar (6 g/l NaN0 3 , 0.52 g/l KCI, 1 .52 g/l KH 2 P0 4 , 1 ml/I trace elements 
solution, 1% glucose, 0.1% MgS0 4 , 20 g/l agar) and minimal agar plus 1 mg/ml uridine to determine uridine require- 

45 ments. All of the 62 isolates grew on minimal agar with uridine, but 9 isolates failed to grow on minimal agar alone. 
These 9 strains were repicked to minimal agar and minimal agar with uridine. Two of the strains grew only on minimal 
agar supplemented with uridine. One of these, designated T. reesei pyrG29, grew well on minimal medium with uridine 
with no background growth on minimal medium alone. 

50 2. Aspergillus awamori 

(i) Production of A. awamori strain UVK 143f- a Hyperproducer of Glucoamylase 

[01 06] Spores of A. awamori strain NRRL 31 1 2 were obtained after 5-7 days growth on Potato Dextrose Agar (PDA, 
55 Difco Co.) at 30°C. Spores were harvested by washing the surface of the plate with sterile 0.1 % Tween-80 in distilled 
H z O and gently scraping the spores free. Spores were washed by centrifugation and resuspended in the same buffer 
to give a final concentration of between 1X10 7 to 2x10 s spores/ml. Preparations were stored at 4°C. 
[01 07] Two ml of spores was added to a sterile petri plate. The top of the dish was removed and spores were exposed 
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to an ultraviolet (UV) tamp (t5watt, germicidal). Conditionsof time exposure and distance from the lamp were adjusted 
such that 90 to 99.9% of the spores were killed. Surviving spores were plated onto PDA medium and grown to form 
discrete independent colonies. 

[01 081 Spores from individual mutagenized colonies were inoculated into 50ml of screening media consist^ of 5 /„ 
corn meal, 0.5% yeast extract, 2% corn steep liquor, adjusted to pH 4.5 prior to sterilization in 250ml flasks However, 
any number of media containing com or com starch as the carbon source would be expected to give similar results^ 
Cultures were grown for 4-5 days at 30-35 °C with constant shaking. Samples were removed either daily or at the end 

of the run for assays. , . „_ 

[0109] Estimates of glucoamylase activity were made by measuring the release of a color producing group (para- 
rirtro-phenol) from a colorless substrate (para-nitro-phenyl-alpha-glucoside, PNPAG). 
[01101 The following protocol was utilized: . 
[01111 Substrate - 180mg PNPAG was dissolved in 250 ml of 0.1 M NaAcetate buffer, pH 4.7. Store at 4 C. 
01 121 Assay -1 ml of substrate was equilibrated at 40°C in a water bath. 0.2ml of sample (or diluted sample) was 
added anTi^cubated for 30 minutes at 40°C. 9ml of 0.1 M Na 2 C0 3 was added with the mixture being kept at room 
temperature for 15 minutes for color development. The mixture was filtered through Wattman 42 filter paper and ttie 
absorbance at 420nm was read in a suitable spectrophotometer. All mutant PNPAG levels were compared to the 
standard amount produced by the parent strain and were reported as percent of PNPAG hyrolysis of the parent. 
[01 13] One glucoamylase-hyperproducing strain designated UVK 143f was selected for auxotrophic mutagenesis. 

(ii) Auxotrophic Mutagenesis 

[0114] Preparation of spores from A. awamori strain UVK143f. UV mutagenesis, and mutant analysis were the same 
as for T. reesei with the following modifications: 

a. 2.5 minutes was required to give 70% killing with UV light. 

b. Minimal medium was used instead of YNB agar. 

c. The FOA concentration was 0.1%. 

[01 15] Fifteen eyrG mutants were found. Three of these isolates, designated pyr4-5, pyr4-7, and py^ were selected 
for transformation experiments. 

B. Transformation of A. awamori and T. reesei pyr Auxotrophs 

[0116] A awamori and T. reesei auxotrophs were transformed by a modification of the procedure previously described 
for A niduTa"nTAp7roximately 1 x 10» spores were inoculated into yeast extract glucose (YEG) medium which is 2% 
qlurose 0 5% yeast extract supplemented with 1 mg/ml uridine. The cultures were incubated on a 37 C shaker (200 
mm) foM2 to 15 hours [T. reesei was incubated at 30°C]. Germlings were harvested by centrifugation, washed once 
with sterile YEG medium, itenTncubated at 30°C in 50% YEG medium containing 0.6 M KCI. 0.5% Novozyme 234 
(Novo Industries, Denmark), 0.5% MgS0 4 -7H 2 0, 0.05% bovine serum albumin in a sterile 200 ml plastic bottle (Coming 
Corp Corning, N.Y.). After 30 minutes of shaking at 1 50 rpm, the protoplast suspension was vigorously pipetted up 
and down five times with a 10 ml pipette to disperse the clumps. The protoplast suspension was further incubated as 
above for one hour then filtered through sterile miracloth (Calbiochem-Behring Corp.. LaJolla, California) that was^ wet 
with 0.6 M KCI. The filtered protoplasts were centrifuged, washed, and transformed with each of the plasmids pGRG1 -4 
as described previously. 

[0117] The following modifications were made for A. awamori transformation: 
1. 0.7 M KCI was used instead of 0.6 M KCI. 

2. 1 .2 M sorbitol was used instead of 0.6 M KCI to osmotically stabilize the transformation and regeneration medium. 

C. Analysis of A. awamori and T. reesei Transformants 

[0118] Both A a wamori and T. reesei transformants secreted chymosin polypeptides into the culture medium. This 
was determined bylnalyiing culture filtrates (results not shown) for both enzymatically active chymosin (milk dotting 
assay) and chymosin polypeptides that reacted with specific chymosin antibodies (enzyme immunoassays and Western 
immunoblotting techniques). 
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to an ultraviolet (UV) lamp (15 watt, germicidal). Conditions of time exposure and distance from the lamp were adjusted 
such that 90 to 99.9% of the spores were killed. Surviving spores were plated onto PDA medium and grown to form 
discrete independent colonies. 

[0108] Spores from individual mutagenized colonies were inoculated into 50ml of screening media consisting of 5% 
corn meal, 0.5% yeast extract, 2% corn steep liquor, adjusted to pH 4.5 prior to sterilization in 250ml flasks. However, 
any number of media containing corn or corn starch as the carbon source would be expected to give similar results. 
Cultures were grown for 4-5 days at 30-35 °C with constant shaking. Samples were removed either daily or at the end 
of the run for assays. 

[0109] Estimates of glucoamylase activity were made by measuring the release of a color producing group (para- 
nitro-phenol) from a colorless substrate (para-nitro-phenyl-alpha-glucoside, PNPAG). 
[0110] The following protocol was utilized: 

[0111] Substrate - 180mg PNPAG was dissolved in 250 ml of 0.1 M NaAcetate buffer, pH 4.7. Store at 4°C. 
[0112] Assay - 1 ml of substrate was equilibrated at 40°C in a water bath. 0.2ml of sample (or diluted sample) was 
added and incubated for 30 minutes at 40°C. 9ml of 0.1 M Na 2 C0 3 was added with the mixture being kept at room 
temperature for 15 minutes for color development. The mixture was filtered through Wattman 42 filter paper and the 
absorbance at 420nm was read in a suitable spectrophotometer. All mutant PNPAG levels were compared to the 
standard amount produced by the parent strain and were reported as percent of PNPAG hyrolysis of the parent. 
[0113] One glucoamylase-hyperproducing strain designated UVK 143f was selected for auxotrophic mutagenesis. 

(ii) Auxotrophic Mutagenesis 

[0114] Preparation of spores from A. awamori strain UVK143f, UV mutagenesis, and mutant analysis were the same 
as for T. reesei with the following modifications: 

a. 2.5 minutes was required to give 70% killing with UV light. 

b. Minimal medium was used instead of YNB agar. 

c. The FOA concentration was 0.1 %. 

[01 15] Fifteen pyrG mutants were found. Three of these isolates, designated pyr4-5, pyr4-7, and pyr4-8 were selected 
for transformation experiments. 

B. Transformation of A. awamori and T. reesei pyr Auxotrophs 

[01 1 6] A. awamori and T. reesei auxotrophs were transformed by a modification of the procedure previously described 
for A. nidulans. Approximately 1 x 10 8 spores were inoculated into yeast extract glucose (YEG) medium which is 2% 
glucose, 0.5% yeast extract supplemented with 1 mg/ml uridine. The cultures were incubated on a 37°C shaker (200 
rpm) for 12 to 15 hours [T. reesei was incubated at 30°C]. Germlings were harvested by centrifugation, washed once 
with sterile YEG medium, then incubated at 30°C in 50% YEG medium containing 0.6 M KCI, 0.5% Novozyme 234 
(Novo Industries, Denmark), 0.5% MgS0 4 -7H 2 0, 0.05% bovine serum albumin in a sterile 200 ml plastic bottle (Corning 
Corp., Corning, N.Y.). After 30 minutes of shaking at 150 rpm, the protoplast suspension was vigorously pipetted up 
and down five times with a 10 ml pipette to disperse the clumps. The protoplast suspension was further incubated as 
above for one hour then filtered through sterile miracloth (Calbiochem-Behring Corp., LaJolla, California) that was wet 
with 0.6 M KCI. The filtered protoplasts were centrifuged, washed, and transformed with each of the plasmids pGRG1-4 
as described previously. 

[0117] The following modifications were made for A. awamori transformation: 
1 . 0.7 M KCI was used instead of 0.6 M KCI. 

2. 1.2 M sorbitol was used instead of 0.6 M KCI to osmotically stabilize the transformation and regeneration medium. 

C. Analysis of A. awamori and T. reesei Transformants 

[0118] Both A. awamori and T. reesei transformants secreted chymosin polypeptides into the culture medium. This 
was determined by analyzing culture filtrates (results not shown) for both enzymatically active chymosin (milk clotting 
assay) and chymosin polypeptides that reacted with specific chymosin antibodies (enzyme immunoassays and Western 
immunoblotting techniques). 
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EXAMPLE a 

Expression and Secretion of Heterologous Polypeptides from argB Auxotrophic Mutants of Aspergillus 
Species 

5 

[01 19] The expression and secretion of heterologous polypeptides from argB auxotrophs of Aspergillus species has 

also been achieved. . 
[0120] This example describes the complementary transformation of A. nidulans and A. awamori argB auxotrophs 
with vectors containing the argB gene from A. nidulans and DNA sequences encoding the heterologous polypeptides 
10 of plasmids pGRG1-4. The argB gene encodes ornithine transcarbamylase (OTC). 

[01 21] The A nidulans argB auxotroph containing the genetic markers biA1 . arqB2, mgtGI used herein was obtained 
from Dr. P. Weglenski, Department of Genetics, Warsaw University, Al. Ujazdowskie 4,00-478 Warsaw, Poland. The 
A. awamori argB mutant was derived as follows. 

15 A. Isolation of Aspergillus awamori argB Auxotrophic Mutants 

[01 22] A fresh suspension of A, awamori strain U VK 143k spores was prepared and UV mutagenesis was performed 
as described above except that the exposure time was sufficient to kill 95% of the spores. The spores were then 
centrifuged, washed with sterile water, and resuspended in 25 ml of sterile minimal medium. These suspensions were 

20 incubated in a 37°C shaker with vigorous aeration. Under these conditions, wild-type spores will germinate and grow 
into vegetative mycelia, but auxotrophic mutants will not. The culture was aseptically filtered through sterile miracloth 
every six to eight hours for three days. This step removes most of the wild-type mycelia while the ungerminated aux- 
otrophs pass through the miracloth filter (i.e., filtration enrichment). At each filtration step the filtered spores were 
centrifuged and resuspended in fresh minimal medium. After three days of enrichment the spores were diluted and 

25 plated on minimal agar supplemented with 50mM citrulline. The plates were incubated at 37°C for two to three days, 
Individual colonies were toothpicked from these plates to two screening plates - one plate that contained minimal agar 
plus 10mM orhithine and one plate that contained minimal agar plus 50mM citrulline. The rationale for picking colonies 
to these screening plates is as follows. OTC (the argB gene product) catalyzes the conversion of ornithine to citrulline 
in the arginine biosynthetic pathway. Thus argB mutants (deficient in OTC) will grow on minimal medium plus citrulline 

30 but not on minimal medium with ornithine. Screening of approximately 4000 colonies by this method yielded 1 5 possible 
argB mutants. One of these strains, designated A. awamori argB3, gave no background growth on minimal medium 
andgrew very well on minimal medium supplemented with either arginine or citrulline. Assays to determine the level 
of OTC activity (57) indicated that the argB3 mutant produced at least 30-fold less OTC activity than wild-type. On the 
basis of these data the A. awamori argB3 strain was selected for transformation experiments. 

B. Construction of argB-based Prochymosin Expression Vectors for Transformation of Aspergillus Species 

[0123] In this construction (see Figure 15) the first step was to combine the transformation enhancing sequence 
ANS-1 and the selectable argB gene on the same plasmid. In order to achieve this, plasmid pBB1 1 6 (59) , which contains 
40 the argB gene from A, nidulans , was digested with Pstl and BamHI and the indicated fragment A, which contains the 
argB structural gene, was isolated. Plasmid pDJB2 (59) was digested with EcoRI and Pstl, and the indicated fragment 
Bv7hich contains the ANS-I sequence, was isolated. In a three part ligation fragments A and B were joined together 
with fragment C, which contains the large EcoRI-Bam HI fragment of plasmid vector pUC18 (33) to give plasmid 

pARG-DJB. , , ^, , , . . . ^ 

45 [0124] In the second step of this construction a synthetic DNA polylinker containing Clal sites was inserted into 
pARG-DJB in order to allow the insertion of Clal fragments which contain various prochymosin expression units. Plas- 
mid pARG-DJB was digested with Bam HI and then dephoshporylated with bacterial alkaline phosphatase. The indi- 
cated synthetic DNA polylinker was phosphorylated with T4 polynucleotide kinase, and then ligated to the cleaved 
pARG-DJB to give pCJ!6L Because this plasmid was found to be resistant to digestion with Clal, it was first used to 
so transform the E, coli dam- mutant strain GM48 in order to prevent methylation of the Clal sites. Upon isolation of the 
plasmid from GM48 transformants, it was successfully cleaved with Clal and dephosphorylated with bactenal alkaline 

phosphatase. L riL , . 

[0125] In the final step of this construciton of Clal-cleaved pCJI6L vector was joined to each of the Clal prochymosin 
expression fragments from plasmids pGRG1 through pGRG4. The resulting four plasmids, pCJ::GRG1 through pCJ:: 
55 GRG4, were used to transform the argB mutants of A. nidulans and A. awamori to prototrophy. Resulting transformants 
were analyzed for expression of prochymosin polypeptides. 
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EXAMPLE 8 

Expression and Secretion of Heterologous Polypeptides from argB Auxotrophic Mutants of A spergillus 
Species 

5 

[01 19] The expression and secretion of heterologous polypeptides from argB auxotrophs of Aspergillus species has 
also been achieved. 

[01 20] This example describes the complementary transformation of A± nidulans and A. awamori argB auxotrophs 
with vectors containing the argB gene from A. nidulans and DNA sequences encoding the heterologous polypeptides 
10 of plasmids pGRG1-4. The argB gene encodes ornithine transcarbamylase (OTC). 

[0121] The A. nidulans argB auxotroph containing the genetic markers biA1 , argB2, metG1 used herein was obtained 
from Dr P. Weglenski, Department of Genetics, Warsaw University, Al. Ujazdowskie 4,00-478 Warsaw, Poland. The 

A. awamori argB mutant was derived as follows. 

15 A. Isolation of Aspergillus awamori argB Auxotrophic Mutants 

[0122] Afresh suspension of A. awamori strain UVK 143k spores was prepared and UV mutagenesis was performed 
as described above except that the exposure time was sufficient to kill 95% of the spores. The spores were then 
centrifuged, washed with sterile water, and resuspended in 25 ml of sterile minimal medium. These suspensions were 

20 incubated in a 37°C shaker with vigorous aeration. Under these conditions, wild-type spores will germinate and grow 
into vegetative mycelia, but auxotrophic mutants will not. The culture was aseptically filtered through sterile miracloth 
every six to eight hours for three days. This step removes most of the wild-type mycelia while the ungerminated aux- 
otrophs pass through the miracloth filter (i.e., filtration enrichment). At each filtration step the filtered spores were 
centrifuged and resuspended in fresh minimal medium. After three days of enrichment the spores were diluted and 

25 plated on minimal agar supplemented with 50mM citrulline. The plates were incubated at 37°C for two to three days. 
Individual colonies were toothpicked from these plates to two screening plates - one plate that contained minimal agar 
plus 10mM ornithine and one plate that contained minimal agar plus 50mM citrulline. The rationale for picking colonies 
to these screening plates is as follows. OTC (the argB gene product) catalyzes the conversion of ornithine to citrulline 
in the arginine biosynthetic pathway. Thus argB mutants (deficient in OTC) will grow on minimal medium plus citrulline 

30 but not on minimal medium with ornithine. Screening of approximately 4000 colonies by this method yielded 1 5 possible 
argB mutants. One of these strains, designated A. awamori argB3, gave no background growth on minimal medium 
and grew very well on minimal medium supplemented with either arginine or citrulline. Assays to determine the level 
of OTC activity (57) indicated that the argB3 mutant produced at least 30-fold less OTC activity than wild-type. On the 
basis of these data the A. awamori argB 3 strain was selected for transformation experiments. 

35 

B. Construction of argB -based Prochymosin Expression Vectors for Transformation of A spergillus Species 

[0123] In this construction (see Figure 15) the first step was to combine the transformation enhancing sequence 
ANS-1 and the selectable argB gene on the same plasmid. In order to achieve this, plasmid pBB116 (59), which contains 
40 the argB gene from A. nidulans , was digested with Pst[ and Bam Hl and the indicated fragment A, which contains the 
argB structural gene, was isolated. Plasmid pDJB2 (59) was digested with EcoRl and Pstl, and the indicated fragment 
. B, which contains the ANS-I sequence, was isolated. In a three part ligation fragments A and B were joined together 
with fragment C, which contains the large EcoRI-Bam Hl fragment of plasmid vector pUC18 (33) to give plasmid 
pARG-DJB. 

45 [0124] In the second step of this construction a synthetic DNA polylinker containing Clal sites was inserted into 
pARG-DJB in order to allow the insertion of Clal fragments which contain various prochymosin expression units. Plas- 
mid pARG-DJB was digested with Bam Hl and then dephoshporylated with bacterial alkaline phosphatase. The indi- 
cated synthetic DNA polylinker was phosphorylated with T4 polynucleotide kinase, and then ligated to the cleaved 
pARG-DJB to give pCJI6L. Because this plasmid was found to be resistant to digestion with Clal, it was first used to 

50 transform the E. coli dam- mutant strain GM48 in order to prevent methylation of the Clal sites. Upon isolation of the 
plasmid from GM48 transformants, it was successfully cleaved with Clal and dephosphorylated with bacterial alkaline 
phosphatase. 

[0125] In the final step of this construciton of Clal-cleaved pCJl6L vector was joined to each of the Clal prochymosin 
expression fragments from plasmids pGRG1 through pGRG4. The resulting four plasmids, pCJ::GRG1 through pCJ:: 
55 GRG4, were used to transform the argB mutants of A^ nidulans and A. awamori to prototrophy. Resulting transformants 
were analyzed for expression of prochymosin polypeptides. 
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C Analysts-ofA 2^g^- andA -- awamogl - tgaPsfanl>ants 

F01261 Secreted chymosin polypeptides from A. awamori and A. nidulans transformed with pCJ::GRG1 through pCJ:: 
GrS ^SS^^ nS^ assaVa^Tenzyrne immunoassays and Western immunoblottmg tech. 
niques Teach case (results not shown) the transformed fungi secreted biochemically active chymos.n ,nto the cul ure 

were 17 bases in length (17m*) and corresponded to a sequence of s»x ammo aads (un- 
dertined in the GA1 peptide, supra) from H. grisea glucoamylase: 

Gin Tyr Lys Tyr lie Lys 

5» CAA TAT AAA TAT ATT AA 3 1 
G C G C C 

A 

[0127] The mixture of 48 oligonucleotides was synthesized in six pools, each containing eight different synthetic 
17mers, 



20 pool l: 5' CAATATAAATATATTAA 3 

G C G 



25 pool 2 : 5« CAATATAAATACATTAA 3' 

G C G 



cool 3: 5' CAATATAAATATATCAA 3» 
r G C G 



DOOl 4: 5' CAATATAAATACATCAA 
* G C G 



cool 5: 5' CAATATAAATATATAAA 3' 

G C G 



cool 6: 5« CAATATAAATACATAAA 3« 
* G C G 



45 [0128] The oligonucleotides were synthesized on a Biosearch automated DNA synthesizer (Biosearch, San Rafael, 
CA) using reagents and protocols specified by the manufacturer. 

4. Selection of Correct Oligonucleotide Probe 

so [0129] Genomic DNA from H. grisea was analyzed for the presence of glucoamylase sequences by tto method lof 
Kern (30) Briefly. H. gri^D^es digested with BamHI restriction endonuclease. S.x a quots of th.S d.gested 
D N A (one for each p ro^W) were fractionated according to size by electrophoresis on a 1% agarose gel. After 
MoWngtaeDNMo nitrocellulose, as previously described, the DNA was fixed to the nitroce.lulose filter at 80 C ,n a 
Sum oven The filter was cut into six strips, corresponding to the six aliquots of BamHI digested DNA and each 

65 si was hybridized for 18 hours at low stringency (2. 40) with one of the pools of synthetic oliconudeot.de probes. 
S^nnLiM with gamma-[32P]ATP using T4 polynucleotide kinase as previously descnbed.) After 
S^ta^ta «« were washed 15 minutes in 2X SSC. 0.1% SDS at 37°C, and twice in 2X SSC at the same 

dried, wrapped in Saran-Wrap. and applied to Kodak XOmat-AR X-ray film to obta.n an 
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C. Analysis of A. nidulans and A. awamori transformants 

[0126] Secreted chymosin polypeptides from A. awamori and A. nidulans transformed with pCJ::GRG1 through pCJ:: 
GRG4 were detected by the milk clotting assay and by enzyme immunoassays and Western immunoblotting tech- 
niques. In each case (results not shown) the transformed fungi secreted biochemically active chymosin into the culture 
medium, oligonucleotides were 17 bases in length (17mer) and corresponded to a sequence of six amino acids (un- 
derlined in the GA1 peptide, supra) from H. grisea glucoamylase: 



Gin Tyr Lys Tyr He Lys 

5 1 CAA TAT AAA TAT ATT AA 3 1 
G C G C C 

A 

[0127] The mixture of 48 oligonucleotides was synthesized in six pools, each containing eight different synthetic 
17mers. 



pool 1: 5* CAATATAAATATATTAA 3' 

G C G 



25 pool 2: 5 1 CAATATAAATACATTAA 3' 

G C G 



pool 3: 5' CAATATAAATATATCAA 3 ■ 

G C G 



pool 4: 5 % CAATATAAATACATCAA 
35 * G C G 



pool 5: 5' CAATATAAATATATAAA 3 f 

G C G 



pool 6: 5 1 CAATATAAATACATAAA 3' 

G C G 

45 [0128] The oligonucleotides were synthesized on a Biosearch automated DNA synthesizer (Biosearch, San Rafael, 
CA) using reagents and protocols specified by the manufacturer. 

4. Selection of Correct Oligonucleotide Probe 

50 [0129] Genomic DNA from K. grisea was analyzed for the presence of glucoamylase sequences by the method of 
Southern (30). Briefly, H. grisea DNA was digested with Bam HI restriction endonuclease. Six aliquots of this digested 
DNA (one for each probe pool) were fractionated according to size by electrophoresis on a 17o agarose gel. After 
blotting the DNA to nitrocellulose, as previously described, the DNA was fixed to the nitrocellulose filter at 80 ° C in a 
vacuum oven. The filter was cut into six strips, corresponding to the six aliquots of Bam HI digested DNA, and each 

55 strip was hybridized for 18 hours at low stringency (2, 40) with one of the pools of synthetic oliconucleotide probes. 
(The probes were radiolabeled with gamma-[32P]ATP using T4 polynucleotide kinase as previously described.) After 
hybridization, the filters were washed 15 minutes in 2X SSC, 0.1% SDS at 37°C, and twice in 2X SSC at the same 
temperature. Filters were air dried, wrapped in Saran-Wrap, and applied to Kodak XOmat-AR X-ray film to obtain an 
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autoradrographtc imaga After developing autoradiogram. a faint band of hybridization corresponding to a 3.7 Kb 
RamHI fraament was visible from the strip that was hybridized with pool 3. 

S n orTerToLprove the hybridization signal, pool 3 was re-synthesized as eight individual ^onude^e. 
The Southern hybridization experiments were repeated using each of the eight ohgonucleot.des as probes. Only one 
rfteM ^ylrpTobes was found to hybridize to the3.^ 

i^SZSZuB was 5" CAGTACAAGTATATCAA 3'. This 17mer was used as the hybnd,zat,on probe for the 

S SSSS:^ preferred embodiments, it will be understood that the present in- 
vention is not so limited. It will occur to those ordinarily skilled in the art that various modifications may be made to the 
dfsc used embodiments and that such modifications are intended to be within the scope of the present .nvenfion^ 
^132] The References grouped in the foltowing bibliography and respectively cited parentheUcally by number ,n the 
foregoing text, are hereby incorporated by reference. 
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autoradiographic image. After developing the autoradiogram, a faint band of hybridization corresponding to a 3.7 Kb 
BamHI fragment was visible from the strip that was hybridized with pool 3. 

[0130] In order to improve the hybridization signal, pool 3 was re-synthesized as eight individual oligonucleotides. 
The Southern hybridization experiments were repeated using each of the eight oligonucleotides as probes. Only one 
5 of these 1 7mer probes was found to hybridize to the 3.7 Kb Bam HI fragment of H. grisea genomic DNA. The sequence 
of the oligonucleotide was 5* CAGTACAAGTATATCAA 3*. This 17mer was used as the hybridization probe for the 
cloning of the H. grisea glucoamylase gene. 

[0131] Although the foregoing refers to particular preferred embodiments, it will be understood that the present in- 
vention is not so limited. It will occur to those ordinarily skilled in the art that various modifications may be made to the 
10 disclosed embodiments and that such modifications are intended to be within the scope of the present invention. 

[0132] The references grouped in the following bibliography and respectively cited parenthetically by number in the 
foregoing text, are hereby incorporated by reference. 
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Claims 

1. A process for making a mammalian polypeptide comprising: 

30 

transforming a filamentous fungus from the subdivision Eumycotina, with the exclusion of Saccharomyces 
cerevisiae, that are capable of being propagated in filamentous form with a vector which comprises a DNA 
sequence encoding said polypeptide, a DNA sequence encoding a signal sequence and a promoter sequence 
operably linked to said DNA encoding the signal sequence, said promoter sequence being functionally rec- 
35 ognized by said filamentous fungus, whereby said DNA sequences are capable of expressing said polypeptide 

and of causing secretion of the polypeptide from the filamentous fungus, and expressing and secreting said 
polypeptide; 

wherein said signal sequence is native to the mammalian polypeptide or comprises the signal sequence of bovine 
40 preprochymosin, or Mucor miehei preprocarboxy protease. 

2. A process for making a heterologous polypeptide comprising: 

transforming a filamentous fungus from the subdivision Eumycotina, with the exclusion of Saccharomyces 
45 cerevisiae, that are capable of being propagated in filamentous form with a vector which comprises a DNA 

sequence encoding said heterologous polypeptide, ie one that is not normally expressed and secreted in the 
host filamentous fungus, a DNA sequence encoding a signal sequence and a promoter sequence operably 
linked to said DNA encoding the signal sequence, said promoter sequence being functionally recognized by 
said filamentous fungus, whereby said DNA sequences are capable of expressing said polypeptide and of 
so causing secretion of the polypeptide from the filamentous fungus, and 

expressing and secreting said polypeptide; 

wherein said signal sequence comprises the signal sequence of bovine preprochymosin or Mucor miehei prepro- 
carboxy protease. 

55 

3. A process as claimed in claim 2 wherein the signal sequence is native to the heterologous polypeptide. 

4. A process as claimed in claim 2 wherein the signal sequence is foreign to the heterologous polypeptide. 
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Claims 

1. A process for making a mammalian polypeptide comprising: 

transforming a filamentous fungus from the subdivision Eumycotina, with the exclusion of Saccharomyces 
cerevisiae, that are capable of being propagated in filamentous form with a vector which comprises a DNA 
sequence encoding said polypeptide, a DNA sequence encoding a signal sequence and a promoter sequence 
operably linked to said DNA encoding the signal sequence, said promoter sequence being functionally rec- 
ognized by said filamentous fungus, whereby said DNA sequences are capable of expressing said polypeptide 
and of causing secretion of the polypeptide from the filamentous fungus, and expressing and secreting said 
polypeptide; 

wherein said signal sequence is native to the mammalian polypeptide or comprises the signal sequence of bovine 
preprochymosin, or Mucor miehei preprocarboxy protease. 

2. A process for making a heterologous polypeptide comprising: 

transforming a filamentous fungus from the subdivision Eumycotina, with the exclusion of Saccharomyces 
cerevisiae, that are capable of being propagated in filamentous form with a vector which comprises a DNA 
sequence encoding said heterologous polypeptide, ie one that is not normally expressed and secreted in the 
host filamentous fungus, a DNA sequence encoding a signal sequence and a promoter sequence operably 
linked to said DNA encoding the signal sequence, said promoter sequence being functionally recognized by 
said filamentous fungus, whereby said DNA sequences are capable of expressing said polypeptide and of 
causing secretion of the polypeptide from the filamentous fungus, and 
expressing and secreting said polypeptide; 

wherein said signal sequence comprises the signal sequence of bovine preprochymosin or Mucor miehei prepro- 
carboxy protease. 

3. A process as claimed in claim 2 wherein the signal sequence is native to the heterologous polypeptide. 

4. A process as claimed in claim 2 wherein the signal sequence is foreign to the heterologous polypeptide. 
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-5. A process as ciaimecUn claim 1 orc!aim.2 wherein said promoter sequence is from an endogenous gene from a 
filamentous fungus. 

6. A process as claimed in claim 5 wherein said promoter sequence is from a filamentous fungus other than that 
5 transformed with said vector. 

7. A process as claimed in claim 5 wherein said promoter comprises the promoter sequence of Aspergillus niger 
glucoamylase, Humicola grisea glucoamylase or Mucor miehei carboxyl protease. 

10 8. A process as claimed in claim 1 or claim 2 further comprising a functional transcription termination and polyade- 
nylation sequence operably linked to the DNA sequence encoding the heterologous polypeptide. 

9. A process as claimed in claim 8 wherein the polyadenylation sequence comprises the polyadenylation sequence 
of Aspergillus niger glucoamylase or Mucor miehei carboxyl protease. 

10. A process as claimed in claim 1 or claim 2 further comprising a DNA sequence encoding a selection characteristic 
expressible in the filamentous fungus. 

11. A process as claimed in claim 10 wherein the selection characteristic is a DNA sequence encoding Neurospora 
20 crass pyr 4 , Aspergillus nidulans acetamidase, Aspergillus nidulans argB or Aspergillus nidulans trpC. 

12. A process as claimed in claim 1 or claim 2 further comprising a DNA sequence capable of increasing the trans- 
formation efficiency of the vector into Aspergillus nidulans. 

25 13. A process as claimed in claim 12 wherein the DNA sequence for increasing fungal transformation efficiency com- 
prises ANS-1 . 

14. A process as claimed in claim 1 or claim 2 wherein the secreted heterologous polypeptide is an enzyme. 

30 15. A process as claimed in claim 1 or claim 2 wherein the secreted polypeptide is biochemically active. 

16 A process as claimed in claim 1 or claim 2 wherein said filamentous fungus from the subdivision Eucmycotina is 
selected from members of the group of genera consisting of Aspergillus. Trichoderma, Neurospora, Podospora, 
Endothia, Mucor , Cochibolus and Pyricularia. 

17. A process as claimed in claim 1 or claim 2 wherein said filamentous fungus from the subdivision Eumycotina is 
selected from members of the group of genera consisting of Aspergillus and Trichoderma 

18. A process as claimed in claim 1 or claim 2 wherein said filamentous fungus is selected from the group consisting 
40 of Aspergillus nidulans or Aspergillus awamori 
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Patentanspruche 

45 1. Verfahren zum Herstellen eines Saugerpolypeptids, umfassend: 

Transformieren eines Fadenpilzes des Unterstammes Eumycotina, 

ausgenommen Saccharomyces cerevisae, die in filamentformiger Form propagiert werden konnen, mit einem 
Vektor, umfassend eine DNA-Sequenz, die fur das Polypeptid codiert, eine DNA-Sequenz, die fur eine Signal- 

50 sequenz codiert, und 

eine Promotorsequenz, die operativ mit der DNA verbunden ist, die fur die Signalsequenz codiert, wobei die 
Promotorsequenz funktionell durch den Fadenpilz erkannt wird, wobei die DNA-Sequenzen das Polypeptid 
exprimieren und eine Sezernierung des Polypeptids aus dem Fadenpilz bewirken konnen, und 
Exprimieren und Sezernieren des Polypeptids; 

55 

worin die Signalsequenz nativ fur das Saugerpolypeptid ist oder die Signalsequenz von Rinder-Praprochymosin 
Oder Mucor miehei-Praprocarboxyprotease umfasst. 
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5. A process as claimed in claim 1 or claim 2 wherein said promoter sequence is from an endogenous gene from a 
filamentous fungus. 

6. A process as claimed in claim 5 wherein said promoter sequence is from a filamentous fungus other than that 
5 transformed with said vector. 

7. A process as claimed in claim 5 wherein said promoter comprises the promoter sequence of Aspergillus niger 
glucoamylase, Humicola grisea glucoamylase or Mucor miehei carboxyl protease. 

10 8. A process as claimed in claim 1 or claim 2 further comprising a functional transcription termination and polyade- 
nylation sequence operably linked to the DNA sequence encoding the heterologous polypeptide. 

9. A process as claimed in claim 8 wherein the polyadenylation sequence comprises the polyadenylation sequence 
of Aspergillus niger glucoamylase or Mucor miehei carboxyl protease. 

10. A process as claimed in claim 1 or claim 2 further comprising a DNA sequence encoding a selection characteristic 
expressible in the filamentous fungus. 

11. A process as claimed in claim 10 wherein the selection characteristic is a DNA sequence encoding Neurospora 
20 crass pyr 4 , Aspergillus nidulans acetamidase, Aspergillus nidulans argB or Aspergillus nidulans trpC. 

12. A process as claimed in claim 1 or claim 2 further comprising a DNA sequence capable of increasing the trans- 
formation efficiency of the vector into Aspergillus nidulans. 

25 13. A process as claimed in claim 12 wherein the DNA sequence for increasing fungal transformation efficiency com- 
prises ANS-1. 

14. A process as claimed in claim 1 or claim 2 wherein the secreted heterologous polypeptide is an enzyme. 
30 15. A process as claimed in claim 1 or claim 2 wherein the secreted polypeptide is biochemically active. 

16. A process as claimed in claim 1 or claim 2 wherein said filamentous fungus from the subdivision Eucmycotina is 
selected from members of the group of genera consisting of Aspergillus. Trichoderma, Neurospora, Podospora, 
Endothia, Mucor , Cochibolus and Pyricularia. 

35 

17. A process as claimed in claim 1 or claim 2 wherein said filamentous fungus from the subdivision Eumycotina is 
selected from members of the group of genera consisting of Aspergillus and Trichoderma 

18. A process as claimed in claim 1 or claim 2 wherein said filamentous fungus is selected from the group consisting 
40 of Aspergillus nidulans or Aspergillus awamori 

Patentanspruche 

45 1. Verfahren zum Herstellen eines Saugerpolypeptids, umfassend: 

Transformieren eines Fadenpilzes des Unterstammes Eumycotina, 

ausgenommen Saccharomyces cerevisae, die in filamentformiger Form propagiert werden konnen, mit einem 
Vektor, umfassend eine DNA-Sequenz, die fur das Polypeptid codiert, eine DNA-Sequenz, die fur eine Signal- 

50 sequenz codiert, und 

eine Promotorsequenz, die operativ mit der DNA verbunden ist, die fur die Signalsequenz codiert, wobei die 
Promotorsequenz funktionell durch den Fadenpilz erkannt wird, wobei die DNA-Sequenzen das Polypeptid 
exprimieren und eine Sezernierung des Polypeptids aus dem Fadenpilz bewirken konnen, und 
Exprimieren und Sezernieren des Polypeptids; 

55 

worin die Signalsequenz nativ fiir das Saugerpolypeptid ist oder die Signalsequenz von Rinder-Praprochymosin 
Oder Mucor miehei-Praprocarboxyprotease umfasst. 



22 



EP 0 215 594 B2 



~2. Verfahren zurHerstellung eines heterologen Poly peptide umfassend: 

Transformieren eines Fadenpilzes des Unterstammes Eumycotina, ausgenommen Saccharomyces cerevi- 
sae, die in filamentformiger Form propagiert werden konnen, mit einem Vektor, umfassend eine DNA-Sequenz, 
die fur das heterologe Polypeptid codiert, d.h. fur eines, das in dem Wirtsfadenpilz normalerweise nicht expri- 
miert und sezemiert wird, eine DNA-Sequenz, die fur eine Signalsequenz codiert, und eine Promotorsequenz, 
die operativ mit der DNA verbunden ist, die fur die Signalsequenz codiert, wobei die Promotorsequenz funk- 
tionell durch den Fadenpilz erkannt wird, wobei die DNA-Sequenzen das Polypeptid exprimieren und eine 
Sezemierung des Polypeptids aus dem Fadenpilz bewirken konnen, und Exprimieren und Sezemieren des 
Polypeptids; 

worin die Signalsequenz die Signalsequenz von Rinder-Praprochymosin oder Mucor miehei-Praprocarboxypro- 
tease umfasst. 

3. Verfahren nach Anspruch 2, worin die Signalsequenz nativ fur das heterologe Polypeptid ist. 

4. Verfahren nach Anspruch 2, worin die Signalsequenz fur das heterologe Polypeptid fremd ist. 

5. Verfahren nach Anspruch 1 oder 2, worin die Promotorsequenz von einem endogenen Gen eines Fadenpilzes ist. 

6. Verfahren nach Anspruch 5, worin die Promotorsequenz von einem Fadenpilz ist, der von dem verschieden ist, 
der mit dem Vektor transformiert ist. 

7. Verfahren nach Anspruch 5, worin der Promotor die Promotorsequenz von Aspergillus niger-Glucoamylase, Htk 
micola grises- Glucoamylase oder Mucor miehei-Carboxyl Protease umfasst. 

8. Verfahren nach Anspruch 1 oder 2, weiterhin umfassend eine funktionelle Transkriptions-Terminierungs- und eine 
Polyadenylierungs-Sequenz, die operativ mit der DNA-Sequenz verbunden ist, die fur das heterologe Polypeptid 
codiert. 

9. Verfahren nach Anspruch 8, worin die Polyadenylierungssequenz die Polyadenylierungssequenz von Aspergillus 
niger -Glucoamylase oder Mucor miehei- Carboxyl Protease umfasst. 

1 0. Verfahren nach Anspruch 1 oder 2, weiterhin umfassend eine DNA-Sequenz, die fur ein Selektionsmerkmal codiert, 
das in dem Fadenpilz exprimierbar ist. 

11. Verfahren nach Anspruch 10, worin das Selektionsmerkmal eine DNA-Sequenz ist, die fur Neurospora crass pyr 
' 4, Aspergillus nidulans Acetamidase, Aspergillus nidulans arg B oder Aspergillus nidulans trpC codiert. 

12. Verfahren nach Anspruch 1 oder 2, weiterhin umfassend eine DNA-Sequenz, die die Transfonnationseffizienz des 
Vektors in Aspergillus nidulans erhohen kann. 

13. Verfahren nach Anspruch 12, worin die DNA-Sequenz zum Erhohen der Pilz-Transformationseffizienz ANS-1 um- 
fasst. 

14. Verfahren nach Anspruch 1 oder 2, worin das sezernierte heterologe Polypeptid ein Enzym ist. 

15. Verfahren nach Anspruch 1 oder 2, worin das sezernierte Polypeptid biochemisch aktiv ist. 

16. Verfahren nach Anspruch 1 oder 2, worin der Fadenpilz aus dem Unterstamm Eumycotina aus Mitgliedern der 
Gattungsgruppe ausgewahlt wird, bestehend aus Aspergillus. Trichoderma, Neurospora, Podospora. Endothia. 
Mucor. Cochibolus und Pvricularia. 

17. Verfahren nach Anspruch 1 oder 2, worin der Fadenpilz aus dem Unterstamm Eumycotina ausgewahlt wird aus 
Mitgliedern der Gattungsgruppe, bestehend aus Aspergillus und Trichoderma 

18. Verfahren nach Anspruch 1 oder 2, worin der Fadenpilz ausgewahlt wird aus der Gruppe, bestehend aus Asper- 
gillus nidulans oder Aspergillus awamori. 
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2. Verfahren zur Herstellung eines heterologen Polypeptids, umfassend: 

Transformieren eines Fadenpilzes des Unterstammes Eumycotina, ausgenommen Saccharomyces cerevi- 
sae, die in filamentformiger Form propagiert werden konnen, mit einem Vektor, umfassend eine DNA-Sequenz, 

5 die fur das heterologe Polypeptid codiert, d.h. fur eines, das in dem Wirtsfadenpilz normalerweise nicht expri- 

miert und sezemiert wird, eine DNA-Sequenz, die fur eine Signalsequenz codiert, und eine Promotorsequenz, 
die operativ mit der DNA verbunden ist, die fur die Signalsequenz codiert, wobei die Promotorsequenz funk- 
tioneli durch den Fadenpilz erkannt wird, wobei die DNA-Sequenzen das Polypeptid exprimieren und eine 
Sezemierung des Polypeptids aus dem Fadenpilz bewirken konnen, und Exprimieren und Sezemieren des 

10 Polypeptids; 

worin die Signalsequenz die Signalsequenz von Rinder-Praprochymosin Oder Mucor miehei-Praprocarboxypro- 
tease umfasst. 

15 3. Verfahren nach Anspruch 2, worin die Signalsequenz nativ fur das heterologe Polypeptid ist. 

4. Verfahren nach Anspruch 2, worin die Signalsequenz fur das heterologe Polypeptid fremd ist. 

5. Verfahren nach Anspruch 1 oder 2, worin die Promotorsequenz von einem endogenen Gen eines Fadenpilzes ist. 

20 

6. Verfahren nach Anspruch 5, worin die Promotorsequenz von einem Fadenpilz ist, der von dem verschieden ist, 
der mit dem Vektor transformiert ist. 

7. Verfahren nach Anspruch 5, worin der Promotor die Promotorsequenz von Aspergillus niger -Glucoamytase, Hi> 
25 micola grises- Glucoamylase oder Mucor miehei-Carboxyl Protease umfasst. 

» 

8. Verfahren nach Anspruch 1 oder 2, weiterhin umfassend eine funktionelle Transkriptions-Terminierungs- und eine 
Polyadenylierungs-Sequenz, die operativ mit der DNA-Sequenz verbunden ist, die fur das heterologe Polypeptid 
codiert. 

30 

9. Verfahren nach Anspruch 8, worin die Polyadenylierungssequenz die Polyadenylierungssequenz von Aspergillus 
niger- Glucoamylase oder Mucor miehei- Carboxyl Protease umfasst. 

10. Verfahren nach Anspruch 1 oder 2, weiterhin umfassend eine DNA-Sequenz, die fur ein Selektionsmerkmal codiert, 
35 das in dem Fadenpilz exprimierbar ist. 

11. Verfahren nach Anspruch 10, worin das Selektionsmerkmal eine DNA-Sequenz ist, die fur Neurospora crass pyr 
4, Aspergillus nidulans Acetamidase, Aspergillus nidulans arg B oder Aspergillus n iduians trpC codiert. 

40 12. Verfahren nach Anspruch 1 oder 2, weiterhin umfassend eine DNA-Sequenz, die die Transfonnationseffizienz des 
Vektors in Aspergillus nidulans erhohen kann. 

13. Verfahren nach Anspruch 12, worin die DNA-Sequenz zum Erhohen der Pilz-Transformationseffizienz ANS-1 um- 
fasst. 

45 

14. Verfahren nach Anspruch 1 oder 2, worin das sezernierte heterologe Polypeptid ein Enzym ist. 

15. Verfahren nach Anspruch 1 oder 2, worin das sezernierte Polypeptid biochemisch aktiv ist. 

50 16. Verfahren nach Anspruch 1 oder 2, worin der Fadenpilz aus dem Unterstamm Eumycotina aus Mitgliedern der 
Gattungsgruppe ausgewahlt wird, bestehend aus Aspergillus. Trichoderma, Neurospora, Podospora. Endothia. 
Mucor. Cochibolus und Pyricularia. 

17. Verfahren nach Anspruch 1 oder 2, worin der Fadenpilz aus dem Unterstamm Eumycotina ausgewahlt wird aus 
55 Mitgliedern der Gattungsgruppe, bestehend aus Aspergillus und Trichoderma 

18. Verfahren nach Anspruch 1 oder 2, worin der Fadenpilz ausgewahlt wird aus der Gruppe, bestehend aus Asper- 
gillus nidulans oder Aspergillus awamori. 
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Revendicatfons 

1. precede de production d'un polypeptide mammalien, comprenant : 

5 la transformation d'un champignon filamenteux de la 

subdivision des Eumycotina, a I'exclusion de Saccharomyces cerevisiae, qui sont capables d'etre propages 
sous la forme filamenteuse avec un vecteur qui comprend une sequence d'ADN codant ce polypeptide, une 
sequence d'ADN codant une sequence signal et une sequence promoteur liee fonctionnement a I'ADN codant 
la sequence signal, cette sequence promoteur etant reconnue quant a sa fonction par le champignon filamen- 

10 teux concerne, si bien que les sequences d'ADN en question sont capables d'exprimer le polypeptide et de 

provoquer la secretion du polypeptide par le champignon filamenteux, et 
I'expression et la secretion de ce polypeptide, 

dans lequel la sequence signal est inherente au polypeptide mammalien ou comprend la sequence signal de 
15 preprochymosine bovine ou de preprocarboxy-protease de Mucor miehei. 

2. Precede de production d'un polypeptide heterologue, comprenant : 

la transformation d'un champignon filamenteux de la subdivision des Eumycotina, a I'exclusion de Saccharo- 
20 myces cerevisiae, qui sont capables d'etre propages sous la forme filamenteuse avec un vecteur qui comprend 

une sequence d'ADN codant ce polypeptide heterologue, c'est-a-dire un polypeptide qui n'est pas normale- 
ment exprime et secrete dans le champignon filamenteux note, une sequence d'ADN codant une sequence 
signal et une sequence promoteur liee fonctionnellement a I'ADN codant la sequence signal, cette sequence 
promoteur etant reconnue quant a sa fonction par le champignon filamenteux concerne, si bien que les se- 
25 quences d'ADN en question sont capables d'exprimer le polypeptide et de provoquer la secretion du polypep- 

tide par le champignon filamenteux, et I'expression et la secretion de ce polypeptide, 

dans lequel la sequence signal comprend la sequence signal de preprochymosine bovine ou de preprocarboxy- 
protease de Mucor miehei. 

30 

3. Precede suivant la revendication 2, dans lequel la sequence signal est inherente au polypeptide heterologue. 

4. Precede suivant la revendication 2 t dans lequel la sequence signal est etrangere au polypeptide heterologue. 

35 5. Precede suivant la revendication 1 ou la revendication 2, dans lequel la sequence promoteur est issue d'un gene 
endogene provenant d'un champignon filamenteux. 

6. Precede suivant la revendication 5, dans lequel la sequence promoteur provient d'un champignon filamenteux 
autre que celui qui est transforme avec le vecteur indique. 

40 

7. Precede suivant la revendication 5, dans lequel le promoteur comprend la sequence promoteur de glucoamylase 
d'Aspergillus niger, de glucoamylase 6'Humicola grisea ou de carboxyl-protease de Mucor miehei. 

8. Precede suivant la revendication 1 ou la revendication 2, comprenant en outre une sequence fonctionnelle de 
45 terminaison de transcription et de polyadenylation liee fonctionnellement a la sequence d'ADN codant le polypep- 
tide heterologue. 

9. Precede suivant la revendication 8, dans lequel la sequence de polyadenylation comprend la sequence de poly- 
adenylation de glucoamylase d'Aspergillus niger ou de carboxyl-protease de Mucor miehei. 

50 

10. Precede suivant la revendication 1 , ou la revendication 2, comprenant en outre une sequence d'ADN codant une 
caracteristique de selection pouvant etre exprimee dans le champignon filamenteux. 

11. Precede suivant la revendication 10, dans lequel la caracteristique de selection est une sequence d'ADN codant 
55 pyr4 de Neuropora crass, I'acetamidase ^Aspergillus nidulans, argB d'Aspergillus nidulans ou trpC d'Aspergillus 

nidulans. 

12. Precede suivant la revendication 1 ou la revendication 2, comprenant en outre une sequence d'ADN capable 
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Revendications 

1. procede de production d'un polypeptide mammalien, comprenant : 

5 la transformation d'un champignon filamenteux de la 

subdivision des Eumycotina, a I'exclusion de Saccharomyces cerevisiae, qui sont capables d'etre propages 
sous la forme filamenteuse avec un vecteur qui comprend une sequence d'ADN codant ce polypeptide, une 
sequence d'ADN codant une sequence signal et une sequence promoteur liee fonctionnement a I'ADN codant 
la sequence signal, cette sequence promoteur etant reconnue quant a sa fonction par le champignon filamen- 

10 teux concerne, si bien que les sequences d'ADN en question sont capables d'exprimer le polypeptide et de 

provoquer la secretion du polypeptide par le champignon filamenteux, et 
I'expression et la secretion de ce polypeptide, 

dans lequel la sequence signal est inherente au polypeptide mammalien ou comprend la sequence signal de 
15 preprochymosine bovine ou de preprocarboxy-protease de Mucor miehei. 

2. Procede de production d'un polypeptide heterologue, comprenant : 

la transformation d'un champignon filamenteux de la subdivision des Eumycotina, a I'exclusion de Saccharo- 
20 myces cerevisiae, qui sont capables d'etre propages sous la forme filamenteuse avec un vecteur qui comprend 

une sequence d'ADN codant ce polypeptide heterologue, c'est-a-dire un polypeptide qui n'est pas normale- 
ment exprime et secrete dans le champignon filamenteux note, une sequence d'ADN codant une sequence 
signal et une sequence promoteur liee fonctionnellement a I'ADN codant la sequence signal, cette sequence 
promoteur etant reconnue quant a sa fonction par le champignon filamenteux concerne, si blen que les se- 
25 quences d'ADN en question sont capables d'exprimer le polypeptide et de provoquer la secretion du polypep- 

tide par le champignon filamenteux, et I'expression et la secretion de ce polypeptide, 

dans lequel la sequence signal comprend la sequence signal de preprochymosine bovine ou de preprocarboxy- 
protease de Mucor miehei. 

30 

3. Procede suivant la revendication 2, dans lequel la sequence signal est inherente au polypeptide heterologue. 

4. Procede suivant la revendication 2, dans lequel la sequence signal est etrangere au polypeptide heterologue. 

35 5. Procede suivant la revendication 1 ou la revendication 2, dans lequel la sequence promoteur est issue d'un gene 
endogene provenant d'un champignon filamenteux. 

6. Procede suivant la revendication 5, dans lequel la sequence promoteur provient d'un champignon filamenteux 
autre que celui qui est transforme avec le vecteur indique. 

40 

7. Procede suivant la revendication 5, dans lequel le promoteur comprend la sequence promoteur de glucoamylase 
d'Aspergillus niger, de glucoamylase d'Humicola grisea ou de carboxyl-protease de Mucor miehei, 

8. Procede suivant la revendication 1 ou la revendication 2, comprenant en outre une sequence fonctionnelle de 
45 terminaison de transcription et de polyadenylation liee fonctionnellement a la sequence d'ADN codant le polypep- 
tide heterologue. 

9. Procede suivant la revendication 8, dans lequel la sequence de polyadenylation comprend la sequence de poly- 
adenylation de glucoamylase d'Aspergillus niger ou de carboxyl-protease de Mucor miehei. 

50 

10. Procede suivant la revendication 1 , ou la revendication 2, comprenant en outre une sequence d'ADN codant une 
caracteristique de selection pouvant etre exprimee dans le champignon filamenteux. 

11. Procede suivant la revendication 10, dans lequel la caracteristique de selection est une sequence d'ADN codant 
55 P yr4 de Neuropora crass, I'acetamidase ^Aspergillus nidulans, argB d'Aspergillus nidulans ou trpC d'Aspergillus 

nidulans. 

12. Procede suivant la revendication 1 ou la revendication 2, comprenant en outre une sequence d'ADN capable 
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d'accroTtre le rendement de transformation dcr vecteurerr Aspergillus nidulans. 

13. Procede suivant la revendication 12, dans lequel la sequence d'ADN destinee a accroftre le rendement de trans- 
formation fongique est ANS-1 . 

14. Procede suivant la revendication 1 ou la revendication 2, dans lequel le polypeptide heterologue secrete est un 
enzyme. 

15. Procede suivant la revendication 1 ou la revendication 2, dans lequel le polypeptide secrete est biochimiquement 
actif. 

16. Procede suivant la revendication 1 ou la revendication 2, dans lequel le champignon filamenteux de la subdivision 
des Eumycotina est choisi parmi les representants du groupe des genres consistent en Aspergillus, Trichoderma, 
Neurospora, Podospora, Eudorhia, Mucor, Cochibolus et Pyricularia. 

17. Procede suivant la revendication 1 ou la revendication 2, dans lequel le champignon filamenteux de la subdivision 
des Eumycotina est choisi parmi les representants du groupe des genres consistent en Aspergillus et Trichoderma. 

18. Procede suivant la revendication 1 ou la revendication 2, dans lequel le champignon filamenteux est choisi dans 
le groupe consistant en Aspergillus nidulans ou Aspergillus awamori. 
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d'accroltre le rendement de transformation du vecteur en Aspergillus nidulans. 

13. Precede suivant la revendication 12, dans lequel la sequence d'ADN destinee a accroitre te rendement de trans- 
formation fongique est ANS-1. 

14. Procede suivant la revendication 1 ou la revendication 2, dans lequel le polypeptide heterologue secrete est un 
enzyme. 

15. Procede suivant la revendication 1 ou la revendication 2, dans lequel le polypeptide secrete est biochimiquement 
actif. 

16. Procede suivant la revendication 1 ou la revendication 2. dans lequel le champignon filamenteux de la subdivision 
des Eumycotina est choisi parmi les representants du groupe des genres consistant en Aspergillus, Trichoderma, 
Neurospora, Podospora, Eudorhia, Mucor, Cochibolus et Pyricularia. 

17. Procede suivant la revendication 1 ou la revendication 2, dans lequel le champignon filamenteux de la subdivision 
des Eumycotina est choisi parmi les representants du groupe des genres consistant en Aspergillus et Trichoderma. 

18. Procede suivant la revendication 1 ou la revendication 2, dans lequel le champignon filamenteux est choisi dans 
le groupe consistant en Aspergillus nidulans ou Aspergillus awamori. 
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length: 1990 



I M6C TTCCAT TTCA6AAAA6 AAA6CTCTC6 6AGTT6TCAT T6A66CATTT TTACA6CCTT 
61 TTTCCGCTCT CACTCT6TAT 77CTAT6A6A AAGA6AAA6A TA66AAT6TC AT6CATAA6A 
,21 T6C7ACAA6A 7CA76CCAAC G67A67ACAC ACAATTCCT6 CCTTTTAT6A CCTTTTTAT6 
,81 CTAA6TC77T TT66AAATTT ATCCC6CG6T CCTAG6TT6T ACCCAGTC6T T6CATCCACC 
241 TTTCC7667A MAACA7ACA A77A766AC7 AAA766777C 77AAA767CA ACAC7C7AGA 



39 



, C66AA666CA CAAA6A7C77 7A676CC766 6CCAAC767A 667A6A7C7T TTTTTCATAT 



361 AAAACCA6AC 6A6T6T6AA6 6T76C6A6AC TCCATCA6AT TCC6ACC AT6 CTC TTC 

Met Leu Phe 

417 7C7 CA6 A77 AC7 7C7 6C6 A7C C77 77A ACA 6C6 6C7 7CC 776 7C6 C77 

S .r 61n He 7hr Ser Ale lie Leu Leo 7hr Ale Ale Ser Leu Sir Leu 
46S ACC ACT 6CT C6C CC6 67A 7CC AA6 CAA 7CC 6A6 7CC AA6 6AC AAG C7T 

Thr 7hr Ale Arg Pro Vol Ser Ly. Sin Ser 61u Ser Ly. A.p Ly. Leu 
513 C76 6C6 C77 CC7 C7C ACC 7C6 676 7CC C6C AA6 77C 7C7 CAA ACC AA6 

Leu Ale Leu Pro Leu Thr Ser Vel Ser Arg Ly. Ph. Ser Sin Thr Ly. 
661 TTC 667 CA6 CAA CAA C77 6C7 GAS AA6 C7A 6CA 667 C7C AAG CCC 7TC 

Phe 61y 61n 61« Gin Leu Ale 61u Ly. Leu Ale 61y Leu Ly. Pro Phe 
699 7C7 6AA 6C7 6CC 6CA 6AC 66C 7CC 67C 6A7 AC6 CCC WC 7A7 7 AC 6AC 

Ser 6lu Me Ale Ale A.p 61y Ser Vel A.p 7hr Pro Sly 7yr Tyr A.p 
6S7 777 6A7 C76 6A6 6A6 7A7 6C7 ATT CCG 67C 7CC A77 667 AC7 CCT G6T 

Ph. A.p Lou Glu 61u Tyr Al. 11. Pro Vel Ser 11. Sly Thr Pro 6ly 

FIG. — II A 
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length: 1900 



I M6CTTCCAT TTCA6AAAA6 AAA6CTCTC6 GA6TT6TCAT TGA66CATTT TTACAGCCTT 

♦ 

61 TTTCC6CTCT CACTCTGTAT TTCTAT6A6A AAGA6AAA6A TA66AAT6TC AT6CATAA&A 

121 TGCTACAAGA TCAT6CCAAC 6GTA6TACAC ACAATTCCT6 CCTTTTATGA CCTTTTTAT6 

I B 1 CTAAGTCTTT TTG6AAATTT ATCCCGCG6T CCTAG6TT6T ACCCA6TC6T T6CA7CCACC 

241 TTTCC766TA AAAACATACA ATTATGGACT AAATGGTTTC TTAAAT6TCA ACACTCTAGA 

301 C66AA6G6CA CAAAGATCTT TAGTGCCTG6 GCCAACT6TA 66TAGATCTT TTTTTCATAT 

361 AAAACCA6AC 6A6T6T6AAG GTT6CGA6AC TCCATCAGAT TCC6ACC AT6 CTC TTC 

Het Leu Phc 



-61 -51 



•31 -2' 



-1 1 
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•11 












61u Lye 


Leu 
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Gly 


Leu 
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GTC 
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AC 6 
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11 


Ser 


Vel 
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Thr 
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ATT 


GGT 


lie 
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Vel 


Ser 


lie 


Gly 
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70S CAA GAC TTT TTG CTC TTG TTC GAC ACT 6GC A6C TCC GAT ACT TGG GTT 
31 41 

Gin Asp Phe Leu Leu Leu Phe Asp Thr Gly 5er Ser Asp Thr Trp Val 

753 CCA CAC AAS 6GT TGC ACC AAG TCT GAA GGT T6T GTT GGC A6C CGA TTC 

51 SI 
Pro Mil Lye Gly Cys Thr Lya Ser Giu Gly Cys Val Gly Ser Arg Phe 



TTT 


GAT 


CCA 


TC6 


GCT 


TCC 


Phe Asp 


Pro 


Ser 


Ala 


Ser 


AAC ATC 


ACC 


TAC 


GGT 


ACT 






81 








Asn 


lie 


Thr 


Tyr 


Sly 


Thr 


AGC 


ATC 


GCT 


ATC 


GGC 


GAC 


Ser 


lie 


Ala 


lie 


61y 


Asp 


GTC 


GAT 


AAT 


GTT 


CGC 


GGC 


Ml 












Val 
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Asn 


val 


flrQ 


Gly 


ATT 


TTC 


CTT 


GAT 


G6T 


CTC 










13t 




lie 


Phe 


Leu 


Asp 


Gly 


Leu 


ATG 


GAA 


GCA 


GAG 


TAT 


G6A 


Hei 


Glu 


Ala 


Glu 


Tyr 


Gly 


TAC 


AAG 


CAA 


G6C 


TTG 


ATC 






161 








Tyr Lys 


Gin 


Sly 


Leu 


He 


ACT 


AAC 


AGC 


GGC 


ACT 


GGA 


Thr 


Asn 


Ser 


Gly 


Thr 


Gly 


CTT 


CTC 


GGC 


G6C 


GAC 


ATT 


191 












Leu 


Leu 


Gly 


Sly 


Asp 


He 


GGT 


TAT 


TAC 


TTC 


TGG 


GAC 










211 




Gly Tyr 


Tyr 


Phe 


Trp 


Asp 



71 



91 



121 



Ml 



tsi 



171 



181 



2C1 



221 
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70S CAA 6AC TTT TT6 CTC TT6 TTC GAC ACT 66C A6C TCC 6AT ACT T66 6TT 
31 

Sin Asp Phe Leu leu Leu Phe Asp Thr Gly Ser Ser Asp Thr Trp Val 
753 CCA CAC AA6 6GT T6C ACC AAG TCT 6«A G6T T6T GTT GGC A6C CGA TTC 
Fro Mis Lys 6Iy Cyt Thr Lys Ser Glu 61y Cys Val Gly Ser Aro Phe 

801 TTT 6AT CCA TC6 GCT TCC TCC ACT TTT AAA 6CA ACT AAC TAC AAC CTA 

71 

Phe Asp Pro Ser Ala Ser Ser Thr Phe Lys Ale Thr Asn Tyr Asn Leu 

849 AAC ATC ACC TAC G6T ACT GGC GGC GCA AAC GGT CTT TAC TTT 6AA 6AC 

61 91 
Asn He Thr Tyr 61y Thr Gly 61y Ale Asn Gly Leu Tyr Phe Glu Asp 

097 AGC ATC GCT ATC GGC GAC ATC ACC GT6 ACC AAG CAA ATT CTG GCT TAC 

101 

Ser lie Ala lie 61y Asp He Thr Vel Thr Lys Gin lie Leu Ala Tyr 



945 6TC GAT AAT GTT CSC G6C CCA ACT GCT GAG CA6 TCT CCT AAC GCT GAC 
111 «■ 

Vol Asp Asn Vel Arg Gly Pro Thr Ala 61u Gin Ser Pro Asn Ala Asp 

993 ATT TTC CTT GAT GGT CTC TTT GGT 6CA GCC TAC CCA GAC AAC AC 6 GCC 

131 »«■ 
He Phe Leu Asp Gly Leu Phe 61y Ale Ala Tyr Pro Asp Asn Thr Ala 

» « 
* * 

1041 ATG GAA 6CA GAG TAT GGA TC6 ACT TAT AAC ACT 6TT CAC 6TC AAC CTC 

151 

«et Glu Ala Glu Tyr Gly Ser Thr Tyr Asn Thr Val His Vol Asn Leu 



1089 TAC AAG CAA GGC 

161 

Tyr Lys 61n Gly 



TTG ATC TCT TCT CCT CTT TTC TCG 6TC TAC ATG AAC 

171 

Leu He Ser Ser Pro Leu Phe Ser Val Tyr Wet Asn 



1137 ACT AAC AGC G6C 



ACT GGA GA6 GTC GTC TTT GGT G6A GTC AAC AAC AC6 
181 

Thr Asn Ser Gly Thr Gly Glu Val Val Phe Gly Gly Val Asn Asn Thr 



1185 CTT CTC G6C GGC 
191 

Leu Leu Gly Gly 
1233 66T TAT TAC TTC 
Gly Tyr Tyr Phe 



GAC ATT GCC TAC AC6 GAC GTT ATG A6T CGT TAT GGT 

201 

Asp He Ale Tyr Thr Asp Val Met Ser Aro Tyr Gly 

T6G GAC GCA CCC GTC ACA GGT ATC ACC GTC 6AT GGA 
211 221 

Trp Asp Ala Pro Val Thr Gly He Thr Val Asp 61y 
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1281 TCT 6CT SCT 6TC AW TTC TC6 A6A CCC CAA 6CA TTC ACC ATC BAT ACT 
Ser Al. AU V.l Ar B Phe Ser Ar B Pro Sin Ala Phe Thr lie A.p Thr 
,329 SBC ACC AAC TTT TTC ATT AT 6 CCC TCA A6C 6CC 6CT TCT AA6 ATT 6TC 
8ly Thr Aen Phe Phe He net Pro Ser Ser Al. Al. Ser Lye lie V.l 
,377 AAA 6CA SCT CTC CCT SAT 6CC ACT BAA ACC CAS CA6 S6C T66 6TT 6TT 
Lye Al. Al. Leu Pro Aep All Thr Slu Thr Sin Sin Sly Trp V.l V.l 
U2S CCT T6C 6CT A6C TAC CAS AAC TCC A AG TC6 ACT ATC A6C ATC 6TC ATS 
Pro Cy. Al. Ser Tyr Sin A.n Ser Lye Ser Thr lie Ser lie V.l net 
,473 CAA AA6 TCC BSC TCA ABC AST SAC ACT ATT 6A6 ATC TC6 STT CCT 6TC 
Sin Lye Ser Sly III Ser Ser Aep Thr lie Slu lie Ser V.l Pro V.l 
l621 n6C AAA ATS CTT CTT CCA 6TC SAC CAA TC6 AAC SAG ACT T6C AT6 TTT 
Ser Lye Hot L.u Leu Pro V.l A.p Sin Ser A.n Slu Thr Cy. net Phe 
,S69 ATC ATT CTT CCC SAC 66T fST AAC CAS TAC ATT STT BSC AAC TT6 TTC 
lie lie Leu Pro A.p Bly 61y A.n Sin Tyr lie V.l Sly A.n L.u Phe 
,617 CT6 CSC TTC TTT BTC AAT 6TT TAC 6AC TTT BSC AAC AAC C6T ATC SBC 
L.u Ar 8 Phe Phe Vol Aen Vel Tyr A.p Phe Bly Aen A.n Arp lie Bly 
,66S TTT BCA CCT TT6 BCC TC6 BCT TAT BAA AAC 6A6 TAA A6666CACCA A 

SI Al. Pro Leu Al. S.r Ale Tyr Blu A.n Blu OC 
,7,2 TTCTTCTTT A6CT6CTCA6 ATAACTTT6T AACTCTCT6A TATACTCTTT ATAACCTTTA T 

,772 TTCTCACTT TTTAACT6TA TTCCAATACA TTATTT6AAC TTACTAAATA TTAC6CTTAT T 
1832 CTT6TTT66 6T6A6TT6TA 6A6TAAAAAA AAT6CTTA6A A6C66AATT6 TATTTT6CAA 6 
,892 BAAT6TACA 

FIG.— IIC 
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3SI 




Phe 


Ala 


Pro 
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Asn Slu OC* 





1712 TTCTTCTTT ASCTSCTCA6 ATAACTTT6T AACTCTCT6A TATACTCTTT ATAACCTTTA T 
1772 TTCTCACTT TTTAACTSTA TTCCAATACA TTATTTSAAC TTACTAAATA TTACGCTTAT T 
1832 CTTSTTT6G STSA6TT6TA 6A6TAAAAAA AATSCTTA6A A6CS6AATT6 TATTTT6CAA 6 



1892 SAATSTACA 
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^1 lilt *UI *■!! 

AAAAfrn* AATTllTm TM^TTMA TAATTTATAA AjCHAlUT TATTACTATt TTTTATAAAA TOAAATTTI TTTTAAAMT ml mm 
TTTTMATl ATTHMTTI ATIAAATAn TTIaaTIATa ATAATHTAfi AAAAUTTTt AAATCTAAA! AAAATTTnA TTlATmn 



till ~* 

r»ti *«i 

| (jtfnWTT MTAATTACA TWATAAA MACTCTTIC TAACT7ATU MTMAMH TUTTTATAT TACTTACTTA TTTATAfTAA tmAfTAff 
fTWCTMA CTATTAATtT AATHTATTl TTTWftMTl Am*?*! CUTTCT1* AATAAATA1A ATWttAAT AAATATCAfl HAATUTlA 

Ml AHUTAAA* AAflHAfeU HftATTTATI fTTnATAH AATIACTAT1 6CTTAAATAT fATTAttAAA AAAMTTATT ATWfTTTt TCTAATTAAT 

i*mnm TmiriAT cm*MUT u^ur* tia*t*tac haattuta ataataatti tttctaataa Iamc**** a*tiaatu 

fc> TTTTIMATC TTAAATAitf ATTHAATn AnAAATATT TTIAATTATA ATAAT1ATAP AAAAUTTn AfiATtTAAAT AAAATTTCU Tn*TVTT1 

4(11 

tltI Hi! Mil Ml" 

SI TAKTTttA* MTATITTH AMTTATATA AATAffTTAAt tACTTTTTTl AAflCTAfTAA AtATTCTAAt tATATTTTAA UHATinA IfTAtATCTT 
ATttUAffTI CTATATAAM TttAATATAT T1ATMATTA ATVMMAA HCMTCATT TATAAAATTC ATATAAAATT ATAATATAA7 TMTTFAAAA 

till Mil ftlil 

401 ACtTACTTT tTAAATAAAT TliCrTTTAT ATACTTAA*T AAlATAHAA TTTTTATTAA T«flCTTATU AAAAAffTAT? ATAATTATAl ATAATTAATT 
IIIATT^ ftATTUTTTA AJCMAAATA UTtAATClA TUTATAAn AAAAATlATT ATC8AATAAT TTTTTUTAA TATTAATATA TATTAAT7A* 

*1 111! MI! Nil 

m TTtTAttMAC TAttCAAAtt AlGAfTATAt CTTAATATTA ATAAATAlAA miAAAATT AACTAAffTn TTAAAATTTA TTATTAAlAT MAMAMVT 
AAMTnTTfi ATCCfTTTtt TCCTWUTC AAAT1ATAAT TATTTATATT AAAATTTTAA TTlATTtAlA AATTlTAAAT AATAAflATA TTTCTTOCA 



iun Mil itfl Ammt 

m ATATAAATA* ATOAAftM AATAAflCtAt CCTTAAATAA TAAAtttTTA TATTAC7TAA AAAAM TATA CllllllllA A*TTTATAA ATTTTTATTA 
tATATTUTT TAfiQATTCTT TTATTCfiATA «*AATTTAT1 ATTlAtftAAT ATAATCAAH TTTTTTATAT AAAftAAAAAT TPAAATATT TAAAAATAAT 

M mil Aitit mi 

m ATTTATATAA AJCTOTA* KfmTATA CCTACTTACT ATTTTAATAT AAAAAATTAT TAAATTTTTA UAATTAAftA AflATACCTA ITTTAAATAC 
1MA1AUT1 TTtAAfiMTt TMACTATAT MATMAT9A TAAAATlATA TTfTTTAATA ATTIAAAAAT ATtlAATTTt TCAUTWAT tAAATTTATC 

*U1 

m\ CTAAATTAA* TATTTaTAAT AACTTCTATT TTTATaTAAT TTAATCrTAA TTaAAAAATA ATTTTTAAM OCTtATAn AAAtTAflACT AfTAAAAAAA 
UTTTAATTT AIAAATaTTA TTiAAAATAA AAA1ATATTA AATlAAAATl MHlTTtAT 1AAAAATTTC MAAATATAA TTOATHH ^TTTTT 

ml 

|flt KM HUM 

%\ TATTATTATA AIAlAAtAAT AA7AAAT At TATATTTTlA TATTTATTAT TTAACAACTC TBCCT«MA ATAtAATTAT AAAATTTATA ATAAAAATTA 
ATAAtAATAl TATATTaTIA TIATTTCATI ATATAAMAT ATAAA1AATA AAnCTTWfi A«8A£«m UTAT1AATA TTTIAAATAT 1ATTTTTAAT 

altl till Aill! 

im TTA9TAATTA TTAATAJCTT AMtfTTTAA AAATTAAACC TTATAA6TTT AAAAAATTTT ATTAttAttA TAAATTaTM AMCC T ACTA TACTTTACTA 
MTUT?AAT AATTATCQM TTTTCAAATC TTTAATCTW MTATOAAA TTTTTTAAAA TAATAATAAT ATTTAAtATT miMT«*T AtlAAATlAT 

•lit 



till IW! 

till TAATtAtATA TTTTAATAAA TAfTAAATAT AnAftAtAftl TATACTTAAT TATTTTAATT nATTTfAAA 1ATTAACTAC tTAAfiClAK AiCTTTICXT 
ATTAATtlAT AAAATtATTT ATCATTTATA TAAtCTfTTl ATATIAAIIA ATAAAATTAA AATAAAATTT AtAATTlATC CATTttATM * 



FIG. — I3A 



41 



EP 0 215 594 B2 



•lii «* ! 

r*u «»i *•! 

i men *iMn*i nAruTA* aaxttttk taacttacu htmamh n»ntm Tiffnrn* thata** cmifTcr 
rwcTM nm^UT aatbatattt tttwamti inwrni cwnnw aataaatata atimtamt ajatatwtt maatut* 

•ill 

Ml ICTTATAAAA Mtfl^tt MAmiTl irmATCl AATTACTATI CTTTAAATAT TATTAttAAA MMaTTAH AHlUHIl TC7AATTAAT 

mmrrn rantm cttiaaaht u**tat* tta*t*i* haatttata ataataatti THctaataa ta*ooc*ui matimha 

*af lilt Atolll tfi!l 

Kl AAAATmtf AATTTATCTt TAAAAnAAA TAAHTATAA AAfHAAUT TAT1ATUTC TTTfATAAAA TtTAtATTTA TTTTAAAiAT AMTAfeAA* 
TTTTMAATl TT«ATA*tf ATTHAATn AT7AAATAT! TTlMttATA ATAATtAlAfl AAAA1ATTT! AtiATtTAAAl AAAATTTClA TnATtTTCT 



a 
mi 

Ml 

lit! «hl Mil 

81 immUi UTATATTH AMTTAtATA AATAffTTAAT tCTTTTTTT AAflCTAtfTAA ATATICTAAC TATATTTfAA TaHaTaTTA ITTAtATCn 
ATttAAAffTt CTATATAMA TCCMTATAT TTATCAATTA A1VMAAM nBAATCATT TATAAftATTC ATATAAAATT A7AATATAA7 TBATC1AMA 

Hit Mil 
40J AtATMCTTT CTAWTAAAT fTtCCTTTAT ATACTTA*T AAWATTAA TTTTTACTAA TAfiCTTATlA AAAAAfllAH ATAATtATAl ATAATTAATT 
WATO* tATTlATTTA AAC90AAATA UTBAATClA TIATATAATT AAAAATAATT ATOM1MT TTT7TU1AA TAftAATATA TATTAAffAA 

*|J ill] *•!!! MO 

ftl 1KU*MC TAMCAAMC AMAHATAC C77AATAT7A ATAAATATAA TTTTAAAATT AAHAAJTn TTAMATTTA TTATTAATAT AA A AAA flW T 

AMATtrm ai iumhu TtnwuTc aaatiataat tatttatatt aaaattttaa ttiatila«a aattctaaat aataatuta iiiimuu 



#•1 

tun Mit alt! 

W ATATAAATM AltCTAAMA AATAJ*TAt CCTTAMTAA TAAATKTTA TATTAfTTAA AAAAAATATA CT7TT7TT7A AJATTTATAA ATTTTTATU" 
UtATTTATt TAMATTCTT T7ATTC0ATA UAATTTAft ATTTAMAAT ATAATXAATT TTTTTTATAT AAMAAAAAT TtTAAATATt TAAAAATAAT 

Mil «Cl Mil III! 

m ATTTATATAA AACTTCTTA0 ACCT*TATA CCTAfTTACT ATTTfAATAT AAAAAATTAt TAAATT7TTA TAMTTAA* AffTATACTTA fTTTAAATAt 
UAAUTAT1 TTMAMAU tWCTAUT MATWT^A TAAttTlATA TTTTnAATA ATTIAAAAAT ATCIAATTH 1UHTWI UAATTTAU 

•U! 
Ataftl 

•1 CTAAATTAAA TATTTATAAT AAfTTnATT TTfATAlAAT TTAATCCTAA TTAAAAAATA ATTTTTAAA* CTCTTATAn AAACTAAACT ATTAAAAAAA 
•aTTTAATTT AIAAATaTTA TTIAAAATAA AAATATATTA AAttAHATf AATUTnAT 1AAAAATTTX tAAAATATAA TntAttTlA TfjATCTTTTT 

ml 

|f || HM H UM 

101 TATlATTATA ATATAATAAT AATAWTIaC TATATTTT1A TATTTATTaT TTAAfcMCTC KCCTKAAA ATATAATW AAAATTTATA ATAAAAATTA 
ATAATAATAl WATUm TUTTCATI AUTAAAAAT ATAAA1AAU AATTCTOAfi AflMAOTn TATAT7AAU nnAAATAT HTTTTIAAT 

lUI alft *•!)! 

tIDI TTICTAATTA TTAATAJCTT AMtfTTTAA AAA TT AMCC T1ATAA0TTT AAAAAATTTT ATTAT7ATTA TAAATTaTAA AAACITACTA TATTTTACTA 

•ATU7TAAT AATTaTWM ttttcaaatc tttaatctm aatattcaaa ttttttaaaa taataataat ATTTAA7ATT TTTMATQAT ATlAAATtAT 

•III 



fiAltt «lt| Uvl 

till TAATlAtAYA TTTTAATAAA TAfTAAATAT AHAAMAfiA TATACTTAAT TATTTTAATT TTAT7TTAAA TATTAACtAf ITAAflCTAfC AlCTTTICCf 
ATTAATTTAT AAAATtATTT ATUTTTATA tAATCTfTTI ATATIAAnA ATAAAATTAA AATAAAATTT ATMTT1ATC CATTCIATC8 
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N«C mil 



pipy ^1 | w— " 

m «w*n» riMcrm «im»hi kwkw »Tt«m» muhim ISSSS? ImtHm 

kuuimt «#ni»»TM mmnn mnarra wictttut u»Ti»i#n n«n«m Tn»ra.Ti .tttikti mn*m 

Mil Mil tint I 

W MATtfUn HWlrfll TA<nAAAl CTH**U CTAA**ATT UATTAATTA ITTAWTAl IWTAHJ TT»*CTTIA *CtlTT«1 
CTUTUT* ATA*TTUT ATTfcMTTTA *TUTTAl urTTCTTAA ITTAAT7AAT TAAT7TMTA TATT7ATATI AAfm*Aff T7»*AAT»A 



■111 , , 

Mil Mil 11,1 



AMemiTI ATAATATTAT tAATTlTAA! MffUtfU ***** AfT7A**W WAAAA* WRM! JMWTA* «TCMM* 

thiaaataa uttataau itumatia mmt*i totatttaa matron iaiattttti aka*t«i cttatuttt tamnm 

mtU alii Mtl _ 

i«i ^HaTTM AATUTTMf AA4WTA*! A**TTCn AAMATTAi AAATATATAT CTTATTTTTT AAATATTTAA TATTATOAfl AVTAATTTT 
IW S SUSS! SI tSSSl TtOOAATC T71ATATA1A lAATAAAAfiA TTTAlAAATT AtAAlAAATt THATTAAAA 

•nfl 

%mm\ lUU 

Ml! AtlH! MUI •!«! _ 

1101 TTTUncn AATTTTAAC CHWACT AAACfTTTA* AAACHAAAT lAtATlAATC WTlJAfT A^lOCTj J™™!! 
AAAATftAfiAA TTAAAATECA WACCTTCA TTT18AAATT TTmATTTA ATATATCTA* ACCTWTT8A Ttt*T1*Ai CCfTTTTTt HAlATATAA 



... iTiTATATTA ATTTTTAATA ATCTACTACt ATATCTTTTT TAOTAniT AttTtAtttf ATTAAAAfTA CTAfMCTA AWATAATA AAATTTfTTT 
SSmS TAAgAATTAT TAttTlATU TATA*A*A ATW7AATA TCTAA7TTCTC TAATTTTMT <»TU£*T tATATATTAT TTTAAACAAA 

MO Ml M«l 
Ml] MtI fcttfl) MM 

m nACTTtfH AfTTAnAfT TTOAATU «ACCKAAt «*>*** TUCCACACT «AA 
MTMATU* TMATAAttA AACACTT** CBTKCffTTS IKCTWCK AtTWTnA CfTC 



FIG. — I 3B 
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inn 

HW Mil »U! 

i» m»huth niimii mtw^tm citfcufi rAMam atia*™ aatatataa* a^i«n« ****** 
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